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PAL20R4A 7: e PAL DESIGN SPECIFICATION 
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Bus enable to address converter and cycle end logic 
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CALE ALE /BE3 /BE2 /BE1 /BEO LM-IO0 TOO TiO /LMi& /1016 GND 
BHLDA /CMD /CLAST /CLSTD Al AO /BHE /ALST /CX16 /DCMD /RST VCC 


sThe following 4 outputs are clocked by ALE, output only when /HLDA is true 
/A1 i= /RST# /BE3* /BE2 
+ /RST*# /A1# /AO® /CX16* /CLAST 


+ /RST* BE1# CLAST 

/AO %= /RST*# BEO# CLAST 
+ /RST® BE2* /BE1* CLAST 
+ /RST* BE2* AOx /CLAST 
+ /RST# CX16* /CLAST 

BHE == /RST# /AO® /CX16% /CLAST 
+ /RST# BE1* CLAST 
+ /RST# BES 

ALST := /RST# /CX16 * /BE2 #* /CLAST 
+ /RST*# /BE2 * /BEO * CLAST 
+ /RST# /BES * /BE1L * CLAST 
+ /RST# /BE3 * AO * /CLAST 
+ /RST# /CX16 * Al * /AO * /CLAST 
+ /RST® CX16 #* /BE3 * /CLAST 


sCycle LAST PRESET input for internal F/F (Cleared by rising edge of ALE) 
sThis is pulsed only once to set F/F and generate the NAB* signal 
CLSTD = ALST# TOO Active during the last cycle of set 


+ LM-10# LM16# TOO# /BE2 
+ LM-I0# LM16* TOO# Al 
+ /LM-10# I1016* T10% /BE2* /ALST 
+ /LM-I0% I016* T10*% A1# /ALST 
+ RST sand during RESET 
CLAST = ALST# TOO sActive during the last cycle of set 
+ LM-I0# LM16* TOO# /BE2 
+ LM-I0* LM16* TOO* Al 
+ /LM-IO# I1016* T10* /BE2* /ALST 
+ /LM-10% 1016% T10# A1* /ALST 
+ RST sand during RESET 
+ CLAST# /ALE sHOLDS ACTIVE TILL ALE 
CX16 = /RST* LM-IO# TOO* LM146 sCPU MEM OP 
+ /RST* /LM-10% T10% I016 sCPU 1/0 OP 
+ /RST# /ALE® CX16 3;CPU HOLD 
DCMD = CMD ; DELAYED COMMAND 


FUNCTION TABLE 


CALE BHLDA /RST /BE3 /BE2 /BE1 /BEO LM-IO ALE TOO T10 /LM1& /101& /CMD 
/DCMD /CLAST Al AQ /BHE /ALST /CLSTD /CX16 
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CL HHHLLHLHHHHH HL LLLH HH 316 LOW ON 8 BUS 
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CL HHLELHHLHHHHH HL LHLH HH 316 MED ON 8 BUS 


CL HHLLHHHAHLLHHH HH HLHL HH 
LL HHLLHHLHHHHH HL HLHL LH 


CL HLLHAHHLHAHHHH HL HLLH HH 316 HIGH ON 8 BUS 


CL HLLHHHHLLHHH HH HHLL HH 


LL HLLHHHLHHHHH HL HHLL LH 


CL HHHHLHHHHHHH HL LLHL LH 38 LOW ON 8 BUS 
CL HHHLHHHHHAHH HL LHLL LH 38 HIGH ON 8 BUS 


CL HHLHHHHAHHHAHHHH HL HLHL LH 58 LOW ON 8 BUS HIGH WORD 
CL HLHHHHLHHHHH HL HHLL LH 38 HIGH ON 8 BUS HIGH WORD 


CL HLLLLHLEAHLLHH HL LLLH HL 332 BIT ON 16 BUS 
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CL HLLLHLLLELLLLH HH HLLH 


LL HLELLHLELHHHLLH HE HLELLH LL 
CL HHHLLHHHHLHH HEL LLLH LL 316 LOW ON 16 BUS 


LL HHHLLRLHHLHH HE LLLH LL; 
CL HHLLHHLHHLHH HEL LHLH HL 316 MED ON 16 BUS 


LL HHLLHHHHHLHH HH LHiH HL; 
LL HHLLHHLHHLHHAH HH LHLH HL 


CL HHLLHALLLLAM AH HALAL AL 
LL HHLLHHHHHLHH HL HLHL LL 


CL HLELHHHHHHLHH HL HLLH LL 316 HIGH ON 16 BUS 
CL HHHHLHHHHLHH HL LLHL LL 3:8 LOW ON 16 BUS 


CL HHHLHHHHHLHH HL LHLL LL 3¢8 HIGH ON 16 BUS 
CL HHLHHHHHHLHH HL HLHL LL ;8 LOW ON 16 BUS HIGH WORD 


Cl HLHHHLHHHLLH HL HHLE LL ;8 HIGH ON 16 BUS HIGH WORD 
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DESCRIPTION 


This PAL converts the CPUs bus enable lines to address lines and cycles from 
one to the next when multiple cycles are required. It also determines when 
the last cycle is in progress to develop the Cycle LAST signal. 

Rev A of this device changes the CX16* equation to go away on ALE. The input 
TO1 is changed to T10 and M-IO is changed to LM-IO as part of an overal} 
change to delay the sampling of 1016* by one clock. Rev A can be used in any 
D4-PROCESSOR from rev XS up. 

Rev D is for the D4-Processor Enhanced (387 version) 


PAL20R8A Si os : 7 
beerare igenie-08i __ PAL DESIGN SPECIFICATION 


PAUL R. CULLEY  07/17/8 
Bus controller state machine logic : . 
Copyright COMPAQ COMPUTER Houston, Texas 


CLK1& /MYCYC /CLAST /CX1&  LMIG /LNOWS /BWAIT /M1& TOO TO1 T10 GND 
/0E T31  _/BRDY /TSO /CMD /WDEN /T40 /T41_ CK8 /ALE /RST VCC 


;The following functions are clocked by CLK14# 


SO f= 

/RST# /CLAST# T41# /BWAIT s; START NEXT CYCLE WHEN DONE WITH 
+ /RST*® /CLAST# /CK8* LNGWS# CMD 3; PREV CYCLE AND MORE IN GROUP 
+ /RST®# CLAST# T41# /BWAIT# MYCYC sSTART NEXT CYCLE WHEN DONE WITH 


+ /RST# CLAST# /CKS* LNOWS* CMD# MYCYC ; PREV CYCLE AND NEW CPU REGUEST 
; IS PENDING 


CMa s= 
/RET# CME /LNOWS* /T41 sHOLDS UNTIL ENDED BY END OF 
+ /RST# OMD* /LNOWS# BWAIT _; WAIT 
+ /RST# CMD* CKE ; OR NOWS AND CK LOW 
+ /RST# /CMD* ALE* M16# LMIO ;STARTS AFTER ALE UNLESS 
+ /RST# /CMD* TOO ; CMILY (THEN AFTER TOO) 
WDEN := 
/R&T* TSO ;STARTS WHEN ALE DUES AFTER TSO 
+ /RST# /TSO# /ALE® /CMD* /TOO# MYCYC — ;O0R WHEN CPU SENDS NEW START REQUEST 
+ /RST# ALE sCONTINUES THROUGH TOO 
+ /RST# TOO sAND TO1 
+ /RST# CME! sUNTIL AFTER CMD GOES AWAY 
T41 t= 
/RST# T40 sSTARTS WHEN T40 ENDS 
+ /RST# T10# CX1& * /LNOWS* CMD :GR WHEN T10 ENDS ON I/O CYCLE 
+ /RST# T41* BWAIT sAND HOLDS TILL WAIT IS GONE 
T40 t= 
TO1* CX16# /LNOWS* /RST ;STARTS AFTER TO1 IF 16 BIT 
+ T31* /LNOWS# /RST ;OR AFTER T21 OTHERWISE 
/CK8 2= 
/RST® TSO :SET TO LOW DURING ALE AFTER TSO, 
+ /RST# /TSO# /ALE* /CMD* /TOO# MYCYC — ;WHEN CPU SENDS NEW START REQUEST 
+ CKe ; OTHERWISE, DIVIDE BY TWO 
BRDY := 
/RST# CLAST*# 141# /BWAIT ;START NEXT CYCLE WHEN DONE 
+ /RST# CLAST* /CK8* LNOWS* CMD ; WITH PREV CYCLE AND NO MORE IN GROUP 
ALE t= 
/RST* TSO ;ALE FOLLOWS TSO FOR INTERNAL USE 


+ /RST* /TSO# /ALE® /CMD# /TOO# MYCYC ; WHEN CPU SENDS NEW START REQUEST 
FUNCTION TABLE 


CLK1é /OE /RST /M16é LMIO /LNOWS /BWAIT /CLAST /CX14 /MYCYC TSO ALE TOO 
TO1 T10 T31 T40 T41 /BRDY /CMD /WDEN CK3 


: Hor # 

sc LBC/ ™ f @ 
eL*e/LNWLE ¥ B/WC 

sK RMMOAAX CTATTTITTT RCBL 
snort 7 tT @ 4 VSLO01344 DMEK 


YDNS 


sSET S6OSTT6 COE010101 


LLL LLL LS SS A SS SS ee ee ee mee me ee oe ee > _ — wm we eee oe 
th a so ss 


lJ 
4 
oO 
> 
Oo 
| 
isa 
= 
tc 
2 
za 
= 
_— 
[se] 
0 
e 4 
lu 
w . 
li [?) 
- ax oO 
W - 
ui F o 
euWwde . 
‘CELE 
lu a | = 
Ofodor 
on fF en FF en OF 
: ae 


<< xx ITT 


<< XK LY 


3140, NOT LAST CYCLE 


3741 


CLHHHHHHLEL LLLLHLELLHL HLLH 


CLH 
CLH 


;CMD END, TSO NEXT CYCLE 


+;ALE 


Iz 


CLHHHHHHL LLHLLLLLL HHLL 


146 BIT CYCLE 


3740, LAST CYCLE 


:TOO, CMDLY, 
3TO1, CMD 


CLHL LHHHLEL LLLLLLLLL HHLH 
CLH LL AHRELL LEULALELEEL HLEU 
CLHLHHHLL HLLLHLLHL HLLH 


3741, ADD A WAIT STATE 
3741, ADD A WAIT STATE 
3741, ADD A WAIT STATE 
3TSO NEXT CYCLE 


#2 ALE 


CLHLAHHELLE LELELLLLLER HLEL 


GACHHLLE ELLLiLitiLee BLL A 


CLHLA HELE LLELEELLLLEA HLEL 


CLHLAHAHLEL LHLLELELLL LAL 


SALAHHRELL LLHELLULLEL AHHEL 


16 BIT NO WAIT STATE 


;CMD, TOO, 
:TOl 


EHLAHMALL LBLLELELLL&L RLLA 


CHL AH LAHHL LLLHLELLLE ALLL 


;CMD END, TSO NEXT CYCLE 


+: ALE 


CLHL LL HHL LHELHLLLL HHLH 


CLHL LHHHL LLHELELLELLLL HHLL 


TATE 


S 
~ 


16 BIT NO WAIT 


;CMD, TOO, 
;TOl 


CLHL HHHHLEL HLELLLLLLL HLLH 


CLHEL AL HEL LLLALLOULEL ALLEL 
CLHX HLHLL LHLELHLLLL LHLH 


;REQ RECEIVED 


#;ALE 


LHELELLELLE HHEL 


CLHHHHHLCH LCLLLLLLLL HHLH 


CLH LHHHLH 


3TOO, 8 BIT NO WAIT CYCLE 


;TO1, CMD 
3701, CMD 


CLHHHHHLH LLLAHLELELLELL HELL 


CLHL HHHLH LLLLHLELLLL HLLH 


:T11 


CLHL HL HAA LLELLELEL HLELE 


3CMD END, TSO NEXT CYCLE 


+; ALE 


CLHLHLHHH LHLLLHLELLL HHLH 


3700, 8 BIT NO WAIT CYCLE 


»TOL 
:T10, 
sTil 


CLHL HHHHH LLHLLLLELLL HHLL 
CLHHHHHHH LLLLLELLLLLEL HHLH 


CLHHAHHHHH LELAHABRLLLE HELEL 


CMD 


CLHL HHHLH HLLLHLELLELLL HLLH 


CLHL HHHLH HELLLHLLLEL HLLEL 


sREQ RECEIVED 


#2 ALE 


CLHL HLHLH LHLLLEELELL LALA 


CLHL HHHLH LLEHLELLLLLELL HHLL 


3;CMD, TOO, & BIT NORMAL CYCLE 


3TO1 
3T10 


sT1l 


CLHHHHHLH LLLELLLLLL HHLH 


ig 


e 
CLHLHHALEH CE LECHUEELLL HLLHA 


BLL L RLY 


CLH HHHHLH LL 


CLH EL HHALH HLELELHLEL HLEL 
CLHL HAHL AH HELELEELELL HLEH 


;720,T21,T30 


3731 
>T40 
;T41 


CLHL HHHLH HELLELLELLELL HELL 
CLHLHHHLH HELLLLHHLEL HLLH 


CLHL HHHLH HELLELLELLH HELL 


;CMD END 
; IDLE 


#;ALE 


CLHLHHHLH HELLLLLELLL LHLH 


CLHL HHHLH HELLELELLLL HHHL 


CLHX HHHLH LLHELLELLL HHLL 


CLE 


16 BIT NORMAL CY 


;CMD, TOO, 


:TOL 
:T10 
3741 


CLHLHHABLH LEBEL LEELL ALLER 


CLHL HHHHH LLLHLELLLELLE HLELLEL 


CLHL HHHHH LLLLHLELLLL HLLH 


CLHL HHHHLE LLLLLHELLH HLLL 


;CMD END, TSO NEXT CYCLE 


CLHHHHHHLEL LHLELLELLLLLL HHLH 


/ 

M 

y' 
sERMMOAAX CTATTTITITT 


’ 
? 
, 
’ 


YSLO01344 DMEK 


3105 1 IWIS$1 


YDNS 


‘CET SO USTTSE COEDLO101 


DESCRIPTION 


This PAL implements some of the bus controller state machine logic. 
REV B adjusts the sampling time of the I016# line by adding state T10 to the 
startup of T41. If the CX16* (1016) line comes in after TOO, then we shift 
to T41 instead of T40. REV B also tightens up the response from ADS# to ALE 
by one clock ty shifting directly to ALE from MYCYC during the initial bus 
transaction. State TSO is still used between transactions. 


PAL16L8B _ PAL DESIGN SPECIFICATION 
D4-SADI 105445-001 PAUL R. CULLEY 02/13/86 
Address to byte enable conversion and read latch enable Yogic 

Copyright 1986 COMPAQ COMPUTER Houston, Texas 


—, Al AQ /BHE /CX1&  =NC2 /CMD LW-R HLA NC1 GND 
TST /BEO /BE1 /BE2, = / BES BOCK B1iCK B2CK ESCK Vcc 


IF (HLDA) BEO = /A1 * /AQ 
IF (HLDA) BE1 = /A1 # BHE 
IF (HLDA) RE2 = Al # /AO 


IF (HKLDA) BES = Al * BHE 


} IF (/TST) /BOCK = /CMD 
+ LW-R 
+ AO 
+ Al 
IF (/TST) /BiCK = /CMD 
+ /BHE 
+ /CX1&4 #* /A0 
+ LW-R 
+ Al 
IF (/TST) /B2CK = /CMD 
+ /Al 
+ LW-R 
- + AO 
IF (/TST) /B3CK = /CMD 
+ /BHE 
+ /AL 
+ /CX1& #* /AO 
+ LW-R 
FUNCTION TABLE 
TST HLDA Al AO /BHE /CX16 = =/CMD LW-R 
/BE3 /BEZ /BEi /BEO B3CK B2CK BICK BOCK 
> oH Cc OL BBBB 
sT OL BXCW BBBB3210 
-SDAAHIM- EEEECCCC 
sTALOES&DR B210KKKK 
LHLLLHLL HHLLLLLH 
LHLLHHLL HHHLLLLH 
LHLHLHLELL HHLHLLHL 
LHHLLHLL LLHHLHLL 
LHHLHHLL HLHHLHLL 
~~ LHHHLHLL LHHHHLLL 
LLLLLLLL ZZZZ2LLHH 
LLLLHLLL 2ZZZZ2LLLH 
LLLHLLLL ZZZZLLHL 
LLHLLLLL ZZZZHHLL 
LLHLHLLL ZZZZLHLL 
LLHHLLLL ZZZZHLLL 
rbot td t WE ZZZZLLLL 


DESCRIPTION 


This PAL contains the logic to back drive the 384 byte enables during the non 
CPU operations. It decodes the address inputs and drives the appropriate BEx 
lines whenever the 386 is in a HLDA state. 


This PAL also contains the decoding logic to drive the read latches clock lines 
(74ALS573 fall through latch). These clock lines have positive true outputs 
and are enabled when the CPU executes a MRDC, IORC, or INTA command. 

The basic equation is? BxCK = BSOx * CMD #* /LW-R 


PAL16L8B 

D4-SCMDD 108294-001 

Command encode and decode logic 
Copyright 1986, 1987 CCMPAQ COMPUTER 


/CMD /DCMD 
/OE / TOWC 


LM-IO0 ~=LW-R LD-C 
/MRDC /MWTC /TORC 


IF (/BHLDA# OE) MRDC = 
CMD * LM-IO * /LW-R 
+ DCMD * MRDC 


IF (/BHLDA® OE) MWTC = 
CMD * LM-IO * LW-R * LD-C 


IF (/BHLDA® OE) IORC = 
CMD # /LM-IOQ * /LW-R *# LD-C 
+ DCMD * IORC 


IF (/BHLDA# OE) IQWC = 
CMD #* /LM-IO * LW-R # LD-C 


IF (BHLDA* OE) /M-IO = MWTC + MRDC 
IF (BHLDA* GE) /D-C = RFSH 

IF (BHLDA* OE) /W-R = MWTC 
/MHLDA = 


/BHLDA 
+ /MHLDA * /M-I0 


FUNCTION TABLE 


SAME 
WHEN 


PAL DESIGN SPECIFICATION 
PAUL R. CULLEY 


Houston, Texas 
/RFSH /BHLDA NCI1  NCI2. GND 
MHLDA M-IO. D-C — wWeR vec 


PROCESSOR MEMORY READ 
SHORT READ HOLD 


PROCESSOR MEMORY WRITE 


PROCESSOR 1/0 READ 
SHORT READ HOLD 


“se 


“ee 


PROCESSOR I/0 WRITE 


“e 


3; NON CPU MEMORY OPERATION 


; NON CPU REFRESH OPERATION 


; NON CPU WRITE OPERATION 


A BHLDA EXCEPT 
GOING HOLD, WAIT FOR M-IO TO GO HIGH 


LW-R /RFSH /BHLDA 
M-10 D-C W-R 


. JOE /DCMD /CMD LM-1I0 LD-C 
/7MRDC /MWTC /TORC / TOWC MHLDA 
; / 

, / L / B ///7™ 
s D/MLLRH MMIIH M 
>» CC-DWFL RWOOL -DW 
sOMMI--—- 85D DTRWD I-- 
sEDDOCRHA ccccA OCR 
EHE LEE &H HHHHL ZZZ ies; 
LHLLLHLE HHHHL ZZZ= es; 
LHLLHLLH HHLHL ZZZ 3 
LLLLHLLH HHLHL ZZZ ; 
KLAR HEL LH HHLHL ZZZ ; 
LHLLHHLH HHHLL ZZZ =; 
LHLHLLLH LHHHL ZZZ ;: 
LHLHLHLH HHHHL Z2ZZ ; 
LHLHHLLH LHHHL ZZZ 3 
LLLHHLLH LHHHL ZZZ ; 
Li HHHLLH LHHHL ZZZ ; 
LHLHHHLH HLHHL 222 ; 
LHHHHHLH HHHHL ZZZ ; 
HHHHHHLH ZZZZX ZZZ 3 
HHHHHHLL ZLEEEX ZEEE x 
LHHHHHLL HHZZH HLH 3; 
LHHHHHLL LHZZH LLH ; 
LHHHHHHL LHZZH LHH ; 
LHHHHHHL HLZZH LHL ; 


CODE MRDC 
MRDC DATA 


MRDC DATA 
MRDC DATA 


RFSH MRDC 


01/09/87 


HH LH HLHH ZZZZLLHH , 
RHLAREALHEL ZZzzz2b LHW y 
HHHHHARHL . ZZZH HHH ; 
; / 

s Jou /B s///7/0 

; D/MLLRH MMIIH M 

; CC-DWFL RWOOL -DW 
sOMMI--SD DTRWD I-- 
sEDDOCRHA CCCCA OCR 
DESCRIPTION 


This PAL decodes the processor status lines and generates the normal command 
output signals. These signals are floated during non processor commands. 


In addition, the PAL decodes the non processor operations and feeds them to 
the cpu status bus during HOLDA. 


Rev A of the PAL adds the input DCMD* and O&*. DCMD* is used to provide a 
short data hold time for read operations by extending MRDC and IORC by one 
PAL delay (10 ns). OE# is added to disable all outputs for testing. 

Rev D of the PAL removes INTA and adds MHLDA for use in the DP3E D4-processor 
board (with 387). 


; HLDA M-IO D-C W-R 
L CPU INTERRUPT ACK 

CPU NEVER PRODUCES THIS CODE 

CPU I/O READ 

CPU I/O WRITE 

CPU MEMORY CODE READ 

CPU HALT OR SHUTDOWN 

CPU MEMORY DATA READ 

CPU MEMORY DATA WRITE 

NON CPU REFRESH WRITE (SHOULD NOT HAPPEN) 
NON CPU REFRESH READ 

NON CPU MEMORY WRITE 

NON CPU MEMORY READ 

NON CPU REFRESH CYCLE (BEFORE OR AFTER) 
NON CPU NO CYCLE PRESENT 


2 48 us v8 vs 48 we MO 


ZEarerrseztzraerrerr 
Srarrcrssrriscrer 
Er eer aersrse se 


TUTTE TrTErrrerese nr 


we Ye ve vO owe 


PAL16L8A 
D4-SCPYD 108395-001 


Copy buffer control logic and DMA low address logic 
Copyright 1984 COMPAG COMPUTER 


JM1E /TO14 /MWTC /MROC 


COPYEN = /DAEN# BHE # XAQ # 
+ /DAEN# BHE * XAO # 
+ /DAEN® BHE * XAO * 
+ /DAEN® BHE #* XAOQ # 
+ DAENI #* COFYHL * XAO * LM1é # MRDC 
+ DAEN1 * XAO * LM14 # IGRC 
COFYHL = /DAEN * BHE * XAQ # /LM14 
+ /DAEN * BHE * XAQO * /IM14 
+ DAENL * XAO # LM14 * MRO 
+ COFYHL #* COFYEN 
DAEN = DAENI * HLDA 


+ AENZ * HLDA 


IF (AEN? * HLTA) /XAQ = AENZ 


IF (DAEN) BHE = XAO * DAEN1 
+ AEN2 

LM14 M16 #* BALE 

LM1é& # /BALE 

LM14 * Mid 


+ + il 


DAENZ = AENS #* HLDA 


FILINCTION TABLE 


/M1ié /101& /MRDC /MWTC /TORC /IOWX /DAEN1 /AEN2 
/BHE XAO /COPYEN /COFYHL /DAEN /LM146 /DAEN2 


Houston, Texas 


/TOWX 
/HLDA JDOAEN2 /COPYEN /COFYHL /DAEN 


/LM146% MWTC 
/1016* IOWX 
/LM16# MROC 
/10146% TORC 


* MWTC 


NZzmDpo 


# TOWX 


/ LORC 
/ BHE 


PAL DESIGN SPECIFICATION 
PAUL R. CULLEY 12/17/86 


/TAEN1 AENZ2 BALE GND 
XAO /LM16é NCOL Vcr 


sCPU write MEM 

sCPU write I/0 

3;CPU read MEM 

sCPU read 1/0 

;DMA byte mem read high of 146 
;DMA byte mem write high of 16 


smem write 

:I/C write 

;0MA byte mem read high of 14 
s Short hoaldaver for write 


sIlf ward type af DIMA, enable out 
s (Pin is low for word DMA) 


sIf DMA, enable output 
sIf byte type, is inverted XA0 
sIf word type, is active 


sEnable M14 input 
sLatch term 
;Hegiitch term 


s TIGHTEN UF ON HLDIA 


BALE /HLDA 


s INACTIVE 


: fe 
. D / 0 
> IMMIIAABH P 
MORWOSEEAL BX Y 
s11DTRWNNLD HA E 
% 6CCCX1ZEA EON 
HHHHHHHHLH HL H 
LHHHULHHHHH LHL 
LHL HHHLHLL LHL 
LHHHLHLHLL LHL 
LHHHHHLHLL HL H 
HHHHHHHLLL LL H 
LLLLLLHHHH LH H 
H7HHHHHHHHH LH H 
HHLHHHHHHH LH L 
HHHLEHHHHLH LHL 
HHHHHHHHLH HH H 
HHHHHLHHLH LHL 
LHHHHHLLHH ZZ H 
LHHHHHLLLH ZZ H 
HHHHHHLLLH ZZ H 


pC? is coal (NRO CS RS OS Se oo OR oe OR coe aC 
EER EETL eer er ree =z 


PrPretetettrr creer = 


eS Ee Ee ee ee ee 


; IORC 
sMRDC 
» IORC 


3DAEN INACTIVE 


; DAEN2 


; INACTIVE 
sMRDC PROC 
sMWTC PROC 


we 48 we VE ove 


TOWC PROC 


= 


H EC 

; D / “00 D 
s IMMIIAABH PPDLA 
sMORWOOEEAL BX YYAME 
s11DTRWNNLD HA EHEIN 
36 &6CCCXI’ZEA EO NLNSE2 


DESCRIPTION 


This PAL implements the logic to enable the copy buffer (high to low halves 

of the 16 bit bus). It also drives the AO and BHE lines as appropriate during 
DMA. 

Rev A changes the COPYHL enable during byte DMA operations to the high half of 
the bus. The timing is made earlier by changing to IORC from MWTC. 

Rev D changes the polarity of the AENZ signal for teeter reduction on the DSPE 
D4-PROACESSOR board (with 30387). 


PAL146L8A 
_ D4-SDEND 108396-001 
- Data Buffer enable logic 
Copyright COMPAQ COMPLITER Houston, Texas 1986 


PAL DESIGN SPECIFICATION 
PAUL R. CULLEY 12/09/86 


o«~ Al AO /BHE /CMD = /M32 /WDEN LW-R ~~ LD-C LM-I0 GND 
TET /EOIRRD /BOEN /BIEN /BZEN /INTA /MWTC /MRDC /BREN VCC 
IF (/TST) BDIRRE = /MRDC#® /WLIEN . ;OTHER WRITE TO LOCAL MEM 
t 
IF (/TST) BOEN = /A1# /AO# MWTC* /WDEN ;OTHER WRITE TO LOCAL MEM 
+ /AL® /AO#® MRDC# /WDEN® M32 ;OTHER READ FROM LOCAL MEM 
+ /A1® /AO# LU-C* LW-R* WDEN ;CPU WRITE TO BUS 
' 
IF (/TST) BIEN = /A1# BHE#® MWTC# /WDEN sOTHER WRITE TO LOCAL MEM 
+ /A1* BHE* MRDC# /WDEN* M32 ;OTHER REAL FROM LOCAL MEM 
, + /A1# BHE# LD-C# LW-R# WIIEN 2CPU WRITE TO BUS 
f IF {/TST) BZEN = AL#® /AO# MWTL# /WLIEN SQ7THER WRITE TO LOCAL MEM 
+ AL* /AO* MREIC# /WIEN*® Ma2 sCITHER READ FROM LOCAL MEM 
+ AL# /AOx LI-C# LW-R* WIEN ;CFU WRITE To BUS 
IF (/TST) BSEN = Al® BHE* MWKTC# /WDEN SOOTHER WRITE To LOCAL MEM 
+ Al# BHE* MRDC# /WDEN® M22 SC THER REAL FROM LOCAL MEM 
+ Al* BHE® LD-f# LW-R* WDEN ,CFL WRITE TO BUS 
IF (/TST) INTA = OMD# /LM-10% /LW-R* /LD-C ;CFU INTERRUPT ACK 


FUNCTION TABLE 


o TST A1L AO /BHE /WDEN LM-I0 LW-R LO-C /CMD /M32 /MWTC /MROC 
/BOUIRRD / BEN /BZEN /BiEN /BOEN /INTA 
; B 
; U 
; WELLL MM THERESE I 
+7 BOoOMWODoCMWR R22 10N 
3s: AAHKHEIT--M3TO REEEET 
sTIOENQROEDeECC BUNNNNA 
LiLLLHHAHHHHLELLH LHHLLH 
LHLLHHHHHALLH L LLHHH 
KLELELEELHLAHLELELAL HHHLLH 
LHLLHHAHLELLLELLHL HtLLHHH 
LLLLHLLELLHLHHH LHHHHH 
&EEL KEL EL LA AS HHHHHL 
LbbkLE BLA A HHH HHH 
LLLLLHHHAHHHH HHHLLH 
LHLLELHHHHHHH HLLHHH 
RHLELLARHHHEA SB ZizizzZ 
DESCRIPTION 
) a ne oes geveleps the contro] sigzvais ta enable the data buffers on the system 
| Rev A ensures turnon of the butter enables for mem write after the direction 
| is active ty leaving the buffer turned around during the entire write cycle. 
Gois for use with DsrFe D4-processor board (with 387). 


PAL16R4 PAL DESIGN SPECIFICATION 
D4-SKEY 108340-001 JOHN THAYER 9/18/86 


8042 A20 LINE FIX PAL 
COPYRIGHT COMPAG! COMPLITER HOLISTON, TEXAS 19364 


ELE /RST AD /CE 04 046 07 DS be oz GAO 
JO DL DO /i0 71 ALO /WIsO4e /FF_LOR_DL /WO Vit 


MO t= /RST # WC #C 


a 


320 FOLLOWS WC, CLEARED ON RESET 


@1 := ; SET IF IN STATE 00 GR 10 AND D1 COMMAND TG PORT 64H 
/RST *# /0G *# CS * WER AS * D7#D4_ D6%/05*/D3%/D2*/D1*D0 
; KEEP SET IF STATE 11 
+ /RST # 00 * G1 
” . IF STATE 10, KEEP SET TILL CS * We 
+ /RST ® /00 * D1 # /S 
+ /RET # /fO % GL # S/W: 


/A#2C0 t= 3 INVERSE GF AZO FLINCTION 


CLEAR IF STATE 10 OND 40 WRITE AND DL 15 Low 
/PE7T # Gf # sho ® /AD ® CS # WO * /D1 
; OTHERWISE FEED Bact 

4 J/RET # TO # JADG 

+ /RET & /1 * SAR 

+ J/RET # STE # JAZ 

+ J/RST # /WE *# JARO 

+ /RST # AZ * /AZO 


FF_LOR_D1 = 7#04 [ide Doe Doe Dee Depo 
+ D704 Doe /DS#/DS#/DS#/01#D0 


WoEOSsSs t= 2 NO DL WAITE YET? DON’T FILTER IF WRITE IS TO 40H 
JRET 3 si e /O1 * GE = Wo # /AD 
Tu IF WRITE IS TO 44H ANI NOT <Di> OR <FFo 
2% WO # AZ * /FF_OR_DIL 


FUNCTION TABLE 
yom CLE RET Cs WO AP D4 04 07 DS DE Ds D1 Bo 
O1 GO FF_OR_DL AZO WosO42 


; F 

; B F c 

: 4 a ba 

: £F + RAO 

sOLSEocwWAD Poona oe Gnu 2g 4 

SCP Trere ay Po O24 2 

aE = | : 
LEK RR ARM AAO XX HX X ; TEST Fr_OR_DG 
& YX RRS HY LL Bes ERS * 
a f- f, r = a = — ral x x = x x 

> mecr 
LEAR XA YX Re KX SY Lu YH & sRESET 

; - -, - = 
LDL OLRM XA RAK Luk HL STO WRITE, NES 
1 ELLA Y RY RR KX RK EEX RL 
LoLiL kx XK AK KS he kA 

> 
{% b&b Bese Lk kb kk S 


JH OH H 364 WRITE NOT (01 OR FF) 


1 2< 


‘LEAR 


’ 


iTE TO | 


a 


;LATC 


360 WR 


344 WRITE FF 
,CLEAR Az0 


3 


L 
4 


H HHH 3460 WRITE 
LHHHL 
y 


Le 


LLXHEL 
LHHHL 
HHHHL 
LHLLL. 


L 


' 


a 
moe 


- i 


f= 


br 


H 
HHLtLHHRHHHHHH 


HHH RRL LLL AR 


J 
1 


“>LHHRHREHHH HH 


= 


1 


PL HHLHHRHHHHH 
kL HHLHHHHHEHH 


CLHLERRER € ¥ ¥ 


‘= a ' 


C 


~< 
~< 
>< 
>< 
~ 
~ 
>< 
~< 
| 
be 
Pa | 
oO 
me | 


% 
ls 


i 
t 


=] 
al 


usd 


bi ta ci dh 


%/A20 


K ONLY D1 


>T TERMS 


aa 


> 


~~ 


T TERM /RST#/C 


~~ 


360 WRITE TO SET 


364 WRITE Di 
;WRITE D1 AGAIN 
;LATCH 

244 WRITE Di 
564 WRITE FF 
564 WRITE Di 


sT 
Di THEN 44 WRITE, MA: 


. 
? 


H HULL 


LLXLL 
HHHHL ;D1 THEN FF, MASK BOTH 


L HHL H 360 WRITE TO TE: 


Li eit 
LHHLL 
Li ¥ LL 
HHHLL ;SET A20 
HHHLL 
HLEXLL 
HLXLL 
HLEXLL 
HHHLL 
HHHLL 
HLXLL 
HLEXLL 
LHLHL 
LHLHL 
Li £4 
LLXHL 
HHHHL 
HLXHL 
HLXHL 
LHHHL 
LHHHL 
LLXHL 
LLXHL 
HHHHL 
HHHHL 
HLXHL 
HLXHL 


= 


RH 


HHHHH 
HLHHAHHHHHH 


HLXX XK XXX X X 

H 
LHHLHHHHHHH 
LHL XX X X X X X X 
EHHAHHHELLELHA 
CLHHHHHLELLLLH 
LHL XX XX X X X X 
LH HHHHHHHHH 
L HHHHHHHHHH 
LetLHL XX X XX X X X 


LCLHLX XXX X X X X 
LLHLX XXX XX ¥X 


i 
ee 


Ie 

C 

fc 
C 
Cc 
Cc 


Cc 
LCLHHHHHLLLLH 


LC¢LHLX XX XX X X X 
LCLHL XXX XX XxX X X 
LO@LHHHAH WLLL LH 
LCLHHHHHALLLLH 
LCLHL X X X X X X X X 
LCLHL XX X X X X X X 
LCLHAL LE LELCAL 
LGCkRHLEELELL AL 
LCLHLX XXX XX X X 
LCLHL X X X X X X X X 
LCLHHHAHHHALLELLLH 
LetLHHHAHHHLLLLH 
LCLHL X X X X K X X X 
LOLHL XX XX XX X X 
LebAHHHHLELLLH 
LCLHLX XXX XX X X 
LekAL XxX XXX XXX 


L 
a 
L 
A 
& 
L 
L 
L 


Peer 
M000 
rrr r 
Irxr 
-rxrizt 
oe ee ae 
x<rir 
xxrinz 
Se Doe 
<x<rIix 
x<xrix 
<rinr 
xe Pe 


mereeeeoeer 
QaON90 9090 
rCrCrrrr 
rrrrrtri6tT 
rerrsar ar 
rmcmoeMeé<reox< Tr EX< 
TE ce X - y X 
xrcisx<Pre <r 
coe <M COX< XX 
rope <M Oo << 
(oe Oo Se OS 
roe MH eT XX 
rTuos<xs<rex< rt M< 


40m 
renee) 
N= 
Ny dD 


DESCRIPTION 
This PAL is used to speed up 
It works by intercepting the 
them itself. 


LHLHH 364 WRITE DO 
LHLAL 
LHLAL 
LLXHL 
LL X HL ;CLEAR A20 
HHHHL 364 WRITE D1 
HLXHL 
LHEL E 340 WRITE TO CLEAR 
Kk Xx LL ;LATCH 
L LX LL TEST TERM /RST*Q0#/A20 
HHHLL_ 3(THIS IS NOT A LEGAL INFUT 
H HHL _L 3 DURING NORMAL OPERATION) 
F OW 
F OC 
ao 6& 
RAQ 
Hub 2 4 
10102 


the S042°s response ta changes in the LOWAZO line. 
Specific write commands to the S042 and executing 


PAL146R4C 

D4-SMSCD 108397-001 

Miscellaneous garbage logic 
Copyright 19846, 1987 COMPAQ COMPUTER 


CLK 
/OE 


/M32 
/LNCP 


/BRDY BALE wW-R 
/CLSTD /MYCYC /LOE 


D-C 
/NAB 


LOE == 
MYCYC * BALE * /W-R * /LNCP 


+ LOE * /BRDY 


SHTD := 
MYCYC# BALE* M-I0* /D-C* W-R# BEO 
MYCYC t= 
/CLSTD * ADS * /M-IO * /387I1 
+ /CLSTD *# ADS * /M-IO # /FA31 
+ /CLSTD * ADS * M-IO * /M32 
+ /CLSTD * ADS * M-IO * /D-C # W-R 
+ /CLSTD * MYCYC 
NAB := CLSTD 
LNCP = 


MYCYC# BALE# PA3i# /M-IG 
+ LNCP# /BALE 
+ MYCYC# PAS1# /M-10# LNCP 


FUNCTION TABLE 


CLK /OE /M32 /BRDY BALE 
/ADS /CLSTD 3871 /LNCP 


M-I0 D-C 
/MYCYC /LOE 


ovoaAMneo 


DESCRIPTION 


/NAB 


PAL DESIGN SPECIFICATION 
PAUL R. CULLEY 01/12/87 


Houston, Texas - 


M-I0 /BEO PA31 
/SHTD 3871 /ADS 


GND 
VCC 


GOES ACTIVE AT ALE 
HOLD THROUGH TILL BRDY ACTIVE 


DECODED SHUTDOWN OPCODE 


we 


WHEN NO 387 AND 1/0 

OR NOT NCP 1/0 CYCLE 

OR NOT 32 BIT MEMORY CYCLE 
OR HALT/SHUTDOWN CYCLE 
HOLD TILL NAB 


we ws we ws ue 


; NEXT ADDRESS BUS 


NUMERIC COFROCESSOR OF 
HOLD TILL NEXT ALE OR HOLD 
DEGLITCH 


~s we ve 


W-R /BEO P§31 


/SHTD 


ae ee a a a a 


RESET MTCYC BY /M32 
RESET MTCYC BY /M32 
HOLD MYCYC 

MYCYC BY HALT 

MYCYC BY 1/0 


MYIZYC BY 337 NOT INSTALLED 


Rev D of this PAL is for the upgraded DSPE D4-processor board (with 387) and 


is a new design. 


This PAL contains the equations for the signal MYCYC (BUS state machine cycle), 
SHTO (decoded shutdown status), LNCP (numeric processor access status), and 


LOE (latch output enable). It also is the F/F for the NAB signal. 


QS 


o~ 


PAL16L8A PAL DESIGN SPECIFICATION 


D4-SNCP 105657-001 PAUL R. CULLEY 05/07/86 
Numeric Coproccessor error and busy logic . 
Copyright 1986 Compaq Computer Houston, Texas 

/TIMES /XIOWC XAO 7ERROR /BUSYIN TIMG /NCPIN /NCPCS /RESET GND 

XAS RESSE7 /TIMZCS /TIMICS ONESHT IR@13 NCOZ2 EN_ERR /BUSYOUT Vcc 

sThe following equation is the positive true output of the equaticn: 
sRES287 = RESET + XIOWC * NCPCS * /XA3 * XAO +I1/0 write to Fih 

IF (VCC) /RES287 = 

/RESET #* /XIOWC sNOT 1/0 WRITE 

+ /RESET * /NCPCS sNOT port FX 
+ /RESET * XAZ sNOT address XX1XXXb 

+ /RESET * /XAQ sNOT address XXXXXOb 


IF (VCC) BUSYOUT 


/REZET# NCPIN® BUSYIN scoprocessor busy 
+ /RESET# NCPIN® ERROR * EN_LERR*® /TIMO@ serroar before int ack 
+ /RESET# /NCFIN® NCFCS * XAS * XIOWC sWhen not installed and NCF accessed 
+ /RESET# /NCPIN® ONESHT#® /TIMG sWhen not installed till timeout 
>The following equation is the positive true output of the equation: 
;IRGAS = ERRORS /BUSYIN® EN_ERR#® NCPIN 3; Int when error and enabled 


IF (VEC) /IR@IS = 


/ERROR sNo int if no error 
+ BUSYIN s or busy 
+ /EN_ERR » or not enabled for err 
+ /NOPIN sNa int if not installed 
IF (VC) /EN_ERR = 
/RESET*# NCFIN#® /EN_ERR * ERRUR sHold disabled till ERROR gues away 
+ /RESET® NCFIN# /EN_ERR * BUSYIN sHold disabled til] BUSY gues away 
+ XIGWC * NCFOS * /XAZ * /XAO sDisable on write te port OFOh 


TF (VOI) /ONESHT = 
NCFIN * /IRQIS sCineé shot output when IR (installed) 
/JNCFIN # /ONESHT * /XIGWC 39€5 high om NCP access when nat 
JNOFIN # /ONESHT #* /XAS installed 
- 
# 


a) 


/NOPIN JONESHT * /NEPICS 


we 48 we M8 owe 


++ ++ + 


/NCFIN TIMG and stays high till timeout 
RESET Low at reset time 
IF (VCC) TIMICS = TIMCS # /XAS sTimer 1 at address 040h-047h, O050h-057h 
IF (VCC) TIM2CS = TIMCS * XA sTimer 2 at address O48h-04Fh, OS8h-OSFh 


FUN TION TABLE 


/NOPIN /XTOWo TIM /TIMES /NOPCS XAS XAO /RESET /ERROR /BUSYIN 


287 /BUSYOUT IRGiS ONESHT /EN_ERR /TIMICS /TIM2CS 
‘ / / cf 

s/ yf //B RE GQETT 

sN/ TN REU EUINNII 

“ORTEe ERS SSRE_MM 
SPOIMPXXSRY 2YOSE12 
sIWMCCAAEDI SQG1LHRCE 
INCOSSZOTRN 7UBTRES 

LHL HHHHULHH HHLLLHH  ;RESET 
LHLH HHHH LHLLLHH  3NO RESET 


H ;RES287 


LLLHLLHHHH HHLLLH 

LLLHLHHHHL LLLLLHH  ;BUSYOUT,NORES287 BY XA3,NOINT BY ERROR 
LLLHHLHHLH LLHHLHH  gIRQi3,BUSYOUT,NORES287. BY NCPCS 
LLHHHLHHLH LHHHLHH_ ;BUSYOUT,NORES287 BY NCPCS 
LLHHHLHLELLL HHLLLHH NO INT BY BUSYIN 
LHHHLLHHHH LHLLLHH $:NO RES287 BY IOWC 
LLHHLLLHHHK LHLLHHH _;LOCKERR,NO RES2S7 BY XAO 
LLHHLLLHHL LLLLHHH  5LOCKERR,NO RES287 BY XAO 
LLHHHLLHHL LLLLHHH_ ;LOCKERR,NO RES287 BY XA0 
LLHHHLLHLL LLLLHHH  ;5HOLD LOCKERR,NO INT BY EN_ERR 
LLHHHLLHLH LHLLHHH_ HOLD LOCKERR,NO INT BY EN ERR 
LHHLHLHHHH LHLLLLH -eTIMiCS ~ 
LHHLHHHHHH LHLLLHL ;TIM2CS 

HLLHLHLHHH LLLHLHH NOT INSTALLED AND SELECTED 
HHL HHHHHLH LLLHLHH :NOT INSTALLED ERROR 
HHHHHHHHHL LHLLLHH_  ;NOT INSTALLED BUSY 
HHLHLHHHHL LHLLLHH ; 

HHLHHLHHHL LHLLLHH : 

HLLHHHHHHL LHLLLHH : 

HHLHHLHHHL LHLLLHH ; 

HLLHLLHHHL HHLLLHH ; 

ae | H RE G@eETT 

sN ITN REU EUINNII 

LUTE ERS SSRE_MM 

FPOOMPXXSRY 2YQS5£E12 

sSIWUCCAAEOI saotHRee 

INCTSS3OTRN 7U3BTRSS 

DESCRIPTION 


This PAL is used in the Magnum processor board te handle the error logic far 
the numberic coprocessor. It allows a greater measure of compatibility with 
the previeus products. It sets up the system to generate an interrupt when 
the ercor signal is recieved. It holds the interrupt until the service 
routine does a write to port FOn. It also holds busy out active until the 
interrupt occurs or till the CFU times cut from no activity. This is to 
prevent any other numeric processor instructions from being executed until 
the error has been recognized. If the no activity timeout occurs, that means 
the CPU hung up on the 267 interface due to different design of the 366. In 
this case, the interrupt will have been recieved by the 394. 


In addition, the timer chip selects are broken out to the seperate selects by 
the PAL logic. 


PAL16L8A : PAL DESIGN SPECIFICA 
D4-SPPI 105659-001 : PAUL R. CULLEY Pres 


. 12/10/85 
Peripheral interface decode logic 

Copyright Compaq Computer Houston, Texas 

XA4 /PPICS /XIORC XAZ XAY XAO XAS /XIOWC /INTA GND 


RESCMOS /CMOSWR /NMICLK /PBWR /CMOSRD /KEYCS /CIORD /PBRD) CMOSAWR VCC 
NMICLKE = PPICS # XA4 * /XAZ * /XAO * XIOWC sNMI register write (70h) 
CMOSRD = PPICS * XA4 * /XA3 * XAO * XIORC 3;CMOS data read (71h) 


CMOSWR = PPICS * XA4 * /XA3 * XAO * XIOWC ;CMOS data write (71h) 


KEYCS = PPICS # /XA4 # /XA3 * /XAO 38042 (60h, 64h) 
PRWR = PPICS # /XA4 # /XAS # XAO # XIOQWC sPort B write (41h) 
FERD = PPICS * /XA4 * /XAS *# XAD *# XITORC ;Fort BK read (61h) 
CIORD = /XA? * /XAS * XIDARC 3O-FFH 
+ INTA sor Interrupt ack 
/CMOZAWR = /NMICLE # /RESCMOS: sInverted NMICLE 
+ /XIOWC * /RESOMOS ;CMOS address write (70h) 


FUNCTION TABLE 


/XIORC /XIOWC /INTA XA? XAS XA4 XAB XAO /PPICS RESCMOS 
YNMICLK CMOSAWR /CMOSWR /CMUSRD /KEYCS /PBWR /PBRO /CIORD 


: R NEGCE 
2X X FOE MMMM E C 
si I dl FOS IoooEF F I 
sO MNXXXXXIC CSSS5YEB@80Q 
sR WTAAAAACM LAWRCWRR 
scCAVYSE 43050 KWRDSROUO 
HHHHHHLHHH HHHHHHHH 
HHHLLLLLELLEL HLHHLHHH 38042 SELECT 
HHL HHHLHHL HLHHHHHL .;BUFFER ENABLE ON INTA 
HEHE ERHELEEL LHHHHHHH sCMOS ADDRESS WRITE 
HHHLELALLEL HLHHHHHH sCMOS ADDRESS WRITE 
HLHLLHLHLE HtLLHHHHH 3CMOS WRITE 
LHHLLHLHLL HLHLHHHL sCMOQS READ 
LHHLLLLHLEL HLHHHHLL sFORT B READ 
LHALLELAAL HLHHHHHL ; BUFFER ENABLE 
LHHHLLLHHL HtHHHHHH ;BUFFER DISABLE 
tL HHLELHLLHAHL Ht HHHHHH sBUFFER DISABLE 
HLHLELLELLLHLEL HLHHHLHH s;PORT B WRITE (NO BUF ENABLE) 
HLHLELLLHHLEL HL HHHHHH A 
HLHLLHHHLL HL HHHHHH ; 
: R C&G 
3X X FE MMME C 
-I II PS COOCEPFI 
sOONXXXXXIC SSS YBBO 
sRWTAAAAACM AWRCWRR 
sC CAF S432080 WROSRODO 


DESCRIPTION 

This PAL is used in the D4 (386) processor board to decode addresses within the 
range 40h to 7Fh for 1/0. It also generates the signal that controls the 
direction of the I/0 data buffer X0<7..0>. 


PAL16L8A__ . . PAL DESIGN SPECIFICATION 
D4-SROMA 108135-001 ; PAUL R. CULLEY 06/26/86 
System ROM decode logic 


Copyright 1986 Compaq Computer Houston, Texas 


BALE LAZS LA22 LA21 LAZO LAI? LAIS  LAI7 SA1& GND 
/MROC /ROMIOQE /RFSH /MSZ /M1éE /ROM /ROMEN /LOWEN /ROMZOE VCC 


M16E = /LA23#/LA22#/LA21#/LA20% LA19# LA18# LA17 ; OOEOOOOh-OOF FFFFh. 
+ LA23# LA22* LA21* LA20* LA19* LA18* LAI7 3s OFEQOOOH-OF FFFFFh 
+ M32 
ROM == _- /LA23#/LA22*/LA21#/LA20# LA19# LA1S* LA17* BALE ;00EOOOOh-OOFFFFFh 
+ LAZ23* LA22* LA21* LA20# LA19# LA1S8# LA17# BALE :OFEQOOOh-OFFFFFFh 
+ /LA23#/LA22#/LA21*/LA20# LA19# LA18* LA17* ROM ;DEGLITCH 
+ LA23* LA22*# LA21# LA2ZO# LA19# LA18* LA17*# ROM :DEGLITCH 
+ /BALE# ROM ;LATCH TERM 
ROMIOE = RUM * SAL4 * MRO ; OOFOOOOh-OOFFFFFh 
; OFFOQOOH-OFFFFFF 
ROMSOE = ROM # /SA16 * MAROC ; OOEOOOOh-GOEFFFFh 
; OFEQOOOh-OFEFFFFH 
ROMEN = ROM * MRD sBUFFER ENABLE 
LOWEN = /LAZ3* /LAZZ* /LAZ1# /LAZO# BALE ; BOTTOM UNE MEGABYTE AND BALE 


+ /LA23% /LA2ZZ# /LAZ1# /LAZO# LOWEN ; DEGLITCH TERM 
+ /BALE* LOWEN ; LATCH TERM 
+ RFSH ; AND REFRESH 


FUNCTION TABLE 


BALE LAZS LAZZ LAZ1 LAZO LAI9 LAIS LAI7 SA16 /MRDIC /RFSH /MS2 
7ROM /ROMIGE /ROMZOE /ROMEN /M1i6E /LOWEN 


. RR 
: OGOR L 
-BLLLLELLULSMR MMOUMO 
‘AA AAAAAAARE M Ri2Mi1wWw 
sL2222111i110S3 OQOQESGE 
sE 321098 76CH2 MEENEN 
HLLL LLL Loa aA HHHHLL s INACTIVE 
LELLELELLLEELELHAS HHHHHL s INACTIVE 
LLLLLHHAHHLHHH HHHALL ;ROM2 ADDRESS, NO READ, NO ALE 
HLLLLHHHAHLHHH LHHHLL ;ROM2 ADDRESS, NO READ, ALE 
LL bk EL LALA LHLLHEL ;ROM2 READ, HOLD ADDRESS ON ROM 
Ht Lk ELE LHASA HHHHHL s INACTIVE 
She Bh BRE AH HHHEPHE s INALTIVE 
L Hk KHHHHHHHH HHHHLL ;ROML ADDRESS, NG READ, NO ALE 
HHHHHHHHHHHH LCHHHLH ;ROM1 ADDRESS, NO READ, ALE 
LHHHHLLLHLHH LLRLHH s;ROMi READ, HOLD ADDRESS ON ROM 
HLitLteELLLHHHH HHHHHL ; INALTIVE 
HHLLLHHAHHAHHHHH H HH HHH s INACTIVE 
H LHL LHHHHHHH H HHH HH : INA TIVE 
HLL HLHHHHHHH H HHH HH s INACTIVE 
Ht tLtLHHHAHHHHH H HH HHH s INACTIVE 
HLLLLLHHHHHH HHHHHL 3; INACTIVE 
HLLLLHLHHHAHHH HHHHHL 3; INACTIVE 
HLLLLHHAHLHHHH HHHHHL 3s INACTIVE 
urubvuUbnRuUekuU uu HwHHW Rk » TNACTIVE 


HHLHHHHHHHHH AHHHHHH 3 INACTIVE 
HHHLHHHHHHHH HHHHHH s INACTIVE 
HHHHLHHHHHHH HHHHHH ; INACTIVE 
HHHHHLHHHHHH HHHHHH 3 INACTIVE 
HHHHHHLHHHLH HHHRHHL 3 INACTIVE 
HHHHHHHLHHAHH HRHHHKRH ; INACTIVE 


ee ee es a ce we ee re ee a ee ee ee ee a en a ew a ee 


DESCRIPTION 


This PAL is used in the D4 (386) processor board to decode ROM addresses 
within the two ranges OFEQOOOh-OFFFFFFh and OOEOQOOOh-OOFFFFFh. It alsw 

generates the signal that controls the ROM data buffer RD<15..0> and the 
signal M1& (memory is 16 bits) during ROM accesses. 

The signal LOWEN#® is generated by this PAL to indicate when the low one 

megabyte of the system is being accessed. 


PALI6R8B po _ PAL DESIGN SPECIFICATION 


D4-RCTLA 108352-001 . : PAUL R. CULLEY 09/13/86 
D4 PAGE RAM BOARD Control logic a 


Copyright Compaq Computer Houston, Texas 1986 


CLK /ADSM /DMIO D-C W-R /M32  HLDA /CLKi&é /HIT GND 
/OE /MRAS /SWM /NAM /MCAS /MRDY /MWE /MRD /YY VCC 


SWM f= 
/HLDA*® CLK16# ADSM* /MRDY* /W-R#* M32 ;CPU IDLE TO MEMORY 
+ /HLDA* CLK16*# ADSM* /MRDY* D-C* M32 3;CPU IDLE TO MEMORY 
+ /HLDA* CLK16# YY# /MRAS# /SWM sAFTER A MISS 
+ /CLK16# SWM# /MRAS 3CLK1& SYNC 
+ HLDA* /ADSM* D-C# /MRAS ;DMA 
+ HLDA* /ADSM* /D-C# MRAS* YY ;REFRESH START 
+ HLDA* /ADSM* /D-C*#  SWM*  DMIO s;REFRESH HOLD 
+ HLDA# /ADSM*® DMIO® SWM* /MRAS s;REFRESH END 
YY t= 


/JHLDA# CLKi6% ADSM*# MRDY*® /W-R# MS2* /HIT ;CPU PIPE TO MEMORY MISS 


+ /HLDA* CLK16*% ADSM* MRDY# D-C# M32* /HIT ;CPU PIPE TO MEMORY MISS 
+ /HLDA+ NAM#  MRAS ;QR WHEN LATCH NEEDS CLOSED 
+ /HLDTA* /CLK16# YY 3;CLE16 SYNC 
+ HLDA® D-C# MCAS# DMIO# /ADSM ; DMA 
+ HLDA# YY*  DMIO# /ADSM ;DMA,REFRESH HOLD TO END 
+ HLDAx /D-C# MRAS# DMIO# /ADSM* /SWM# CLK16 ;REFRESH 
NAM s= 

/HLDA* CLK16* ADSM* MRDY* /W-R* M3Z* HIT 3;CPU PIPE TO MEMORY HIT 
+ /HLDA* CLK16*# ADSM* MRDY* D-C* M32% HIT 3;CPU PIPE TO MEMORY HIT 
+ /HLDA# CLK16* SWM* /ADSM* /NAM sAFTER AN IDLE OR MISS 
+ /CLK16* NAM 3CLK16 SYNC 
+ HLDA* /ADSM sDURING REFRESH AND DMA 
MRDY := 

7HLDA# CLK16% NAM* MRAS s;AFTER NA WILL BE READY 
+ /HLDA# /CLK16* MRDY ;CLK16 SYNC 
MRAS == 

/HLDA® SWM# /ADSM*® /NAM sOUT OF A MISS OR IDLE OPERATION 


+ /HLDA® MRAS* /MRDY s TILL MRDY 

+ /HLDA* MRAS® /CLK16 s AND TILL CLK1é UNLESS 
+ /HLDA* MRAS® ADSM* /W-R# M32* HIT ' ;CPU PIPE HIT 

+ /HLDA* MRAS* ADSM* D-C# M32* HIT sCPU PIPE HIT 

+ HLDA# DMIO# /ADSM* /D-C# /SWM# CLK16é ;REFRESH 

+ HLDA* DMIO# /ADSM# /D-C* /SWM* MRAS sREFRESH HOLD 

+ HLDA# DMIO# /ADSM* D-C# M32% /YY ; DMA 


7JHLDA® CLK16% NAM*# MRD# MRAS sAFTER NA WILL BE CAS FOR READ 
+ /HLDA* /CLK16# MCAS ;CLE16 SYNC 
+ /HLDA® /CLK16*# MRDY# MWE s;AFTER START OF MRDY IS WRITE CAS 
+ HLDA* /ADSM# D-C* DMIO# MRAS# /SWM ;DMA START 
+ HLDAx /ADSM* [-C# DMIQ# MCAS# MRD ;DMA READ HOLD TILL END 


MWE == 
/HLDA*® /CLKié# NAM# D-C# W-R* M32% MRAS 3;CPU WRITE TO MEMORY 
+ /HLDA# /CLK16% MWE : sCLK16 SYNC 
+ /HLDA® CLK16* MWE# NAM 
+ HLDA# /W-R* DMIO# /ADSM# M32 /YY 3DMA WRITE 
+ HLDA* MWE* DMIO# /ADSM 3;DMA WRITE HOLD 


;DMA READ (NOT REFRESH) 


sCPU READ FROM MEMORY 
;DMA READ HOLD 


;CLK16 SYNC 


HLDA*® W-R* DMIO# D-C# /ADSM* M32* MRAS 
+ HLDA* MRD* DMIO* /ADSM 


/HLDA® /CLK16% NAM# /W-R# M32# MRAS 


+ /HLDA® /CLK16# MRD 


CLK /CLK1é /OE /ADSM /DMIO D-C W-R /M32 HLDA /HIT 


+ /HLDA® CLK1é# MRD#* NAM 
FUNCTION TABLE 
/MRAS /SWM /MCAS /NAM /MRDY /MWE /MRD /YY 
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Sw PP EEL T Pssst sAststd ATT TIAA ATIs AAT TET AAIAT ATI ITrItTI44Tr 
SNES Ol rrr rrsaststTsasstrrrrs~sstrrrrrerrrrrrrrrrrrrrrrre:t 
NESW CTT EET TTT TTT TrTTrTrrTrrrsassrrrrrsassrtrrrzrrzrsasaire 

NE@OP 1 TETrYTITjAstTTjAstTITIrTT@TjAs~tTsaAsarrrrrrszsarrrrrr¢rrrissare 
NSZTE STP PtAsj~t Tas T TT rr rs st Ts s tr tTreT Ts IT rT rrr rtsHsrtrte 
SESOCTH (PETE PTAATEAATETELITAISTE LATE ITTELTTATTITITETITIEAT. 
S@SB ILE AIL ESS SSSA SSI ASSES SSS SSE SS ASSESSES Sl SS ES 
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| 
SEE EP Sood od Rod SESS ae Ee Ee 
Faed! PTjatatsstsstsastsastsstadsst sds dss ssd dss 
SEO | tots sotto todd oto too ot td ot 
Se taeda dada dad Se Asda SRS SS ESAS RST ESR ATES IS LS SS 
Ao Pads tststsdAd dt dtp dA SATE T STE ETT ETT Te TTS ETT IITs 
SREYVO PEP ETSET SEF SSE TST SET ET TTL PSET ET SPE TEA TTT Serres 
STAOE AAATTEEEIAAPEAAT LETT TAA STAAT TSE PA ATTA sstst TT TISI 
SSW sadn tsndsadtdsnsdsnstsdtsnsns sss ss tn da. 
SO Mes IE ISS SS Ie I I EE RSA AAS SS I ee IS 
OHI YMUNN | VUGKOVHOKVVHOH VKH VO VHOHVHUVUHVYOVUHOHVOHVUVOVUHVOUVUUVVHOUHUDVOO0O0OUHOC 
on an 8h an 8 on | 


as 
ras 


HLHHHHH HLHLHHHH DMA READ ELSEWHERE 


CHLHLHHLHH LLHLHHHH DMA READ 


HHLHHHH HHHLHHHH 


LHLLHHHH LHHLHHHH REFRESH 
HHHLHHH HLHLHHHH 


CHLHLLHHHH LLHLHHHL 


CLL 
CHL 
CLL 


- 


rt 
a 
xrt 
rt 
I 
x 
rt 
= | 


rx 
rt 
ad = 
xr 
rz 
o 
x= 
iow4 
Ix 
OO 


SMSMYEDY 


JH/S M/SMS/MS/ 
AWAADWR Y 
CLLHHHLHHH HLHLHHHH 


AD 
K/DMDWMLH RSCNRMM / 


LLHLHAHHLHH LHLLHHLL 


. 


CHLHHHLLHH HLHLHHHH 

LOS 7% --3 Dil 
s26EMOCRZ2AT 

CHLHLHAHLHHH HLHLHHHH OMA WRITE ELSEWHERE 
CLLHLHLLHH LLHLHLHH DMA WRITE 


3K 


c 
C 
C 


zx 
= 
a | 
xx 
a 
| 
xt 
a 


x = 
xrt 
a 
oe 
xz =x 
a =] 
ee 
| 
xH4 
oo 


L 
L 
L 


HLH 
HLH 


CLLHLHHLHH HLHLHLHL 
Rev A of this PAL changes the DMA state machine to prevent spurious RAM cycles 


This PAL is used in the D4 (386) memory board to control the DRAM subsystem. 
after refresh or DMA cycles. 


The RAS and CAS master strobes are generated, and the CPU next address and 


READY signals are provided. 


CHLHLHLLHH LHLLHLH 

CHL HHHHLHH HLHLHHHH 
CLLHHHLLHH HLHLHAHHH 
CHLHHHLLLH HLHLHHHH 
CLLHHHLLLH HHHHHHH H 


CLLHLHLLHH HKRLL 
CHLHLHHLHH RLHL 


DESCRIPTION 


a 


PAL146L8B a 
D4-RM32 108053-001 


D4 


Copyright Compaq Computer Houston, Texas 1986 
A31i A23 22 «A211 A20 ALY ALS AL7Z FA20 
/2M /M32A /M32B /ROM /512K /640K /1M /8M 
IF (/A22 * /A21) M32A = 

/A31#/A23% /A22#/A21#/A20#/A19%/A18 
+ /A31#/A23#/A22#/A21% /AI9#/A18%  /FA20 
+ /A31#/A23%/A22*/AZ21#/A20#/AI9® A1LS# 512K 
+ /A31#/A23%/A22#/A21#/A20% A19#/A18S#/AL7# &40K 
+ /A31#/A23%/A22#/A21*#/A20% AL9* AL8* A1L7* ROM 
+ /A31#/A23#/AZ22*#/A2Z1% A20* 1M 
+ /A31* A2Z3#/A22%/A21% 8M 
IF (A22 * /A21) M32B = 

/A31#/A23% AZ2*/A21% 8M 
+ AS1¥# A2Z3* AZ2#/A21#/A2Z20#/A19#/ALS#/AL7 
IF (A21) M32C = 

/AS1# AZ3Z* AZZ* AZ1*# AZO#/ALG* ALS# /S12K 
+ /AZ1# AZ3* AZZ* AZ1# AZO# A19#/A1SG#/A17#/640K. 
+ /AZ1# AZ3* A2Z2# AZ1* A2ZO*# A19#/A15# A17 
+ /A31# A23# AZZ* AZ1* AZO# A19# A1S 
+ /AZ31*/A2Z3% A22* A21* SM 
+ /A31*/A23%/A22% A21% 2M 


PAGE RAM BOARD M32 decode logic 


FUNCTION TABLE 


AS 
/M 


1 A2Z3 AZZ AZ1 A20 A1Y AIS 


/M32C 


PAL DESIGN SPECIFICATION 


PAUL R. CULLEY 


GND 
Vcc 


3000000-03F FFF 
3000000-03F FFF 
3040000-07FFFF 
3 080000-O9F FFF 
3 O0EO000-OF FFFF 
3 100000-1FFFFF 
3 800000-9F FFFF 


;400000-SFFFFF 
sDIAG 8000000h 


;F 40000-F 7FFFF 
; F830000-F 9FFFF 
; FAO000-F BFFFF 
; FCOOOO-FFFFFF 
;600000-7FFFFF 
; 200000-3FFFFF 


A17 FA2O /512K /640K /iM /2M /8M /ROM 


04/02/86 


256K 
256K 
256K 
128K 
128K 
1M 

2M 


2M 
128K 


256K 
128K 
128K 
254K 
2M 
2M 


32A /M32B /M32C 
a a 
F MM M 

AAAAAAAA 56 R333 
Z2222Z212112 14 1280 222 
32109870 20 MMMM ABC 
HHLELLLLELE LLLELELL 2@b 2 OBIAG 
LHERLELLE ELELEELLL 2AZ OFF 
LHHLLLLH HLELLELL 22H OFF 
LEELELLAH LLLELLE H2ZZ OFF 
LLLLLLLH LLLLLLEL LZz 256K 
LLLHLLLLEL LLLLLL LZZ 256K 
LELELLHLE EELLELELL LZ 312k 
LLLLHELLLELE LLLLLELL LZZz 640K 
LLLLHHHLEL LLLLLL LZZ 128K AT OE0000h 
HHHHLHLLEL HEELELLL 22L 256K AT F40000h 
HHHHHLLL HHLELLLL ZZL_ 128K AT FS0000h 
HHHHHLHLEL LLLLLL ZZL_ 128K AT FAOOOOh 
HHHHHHAHLL LLLLLL ZZL 256K AT FCOOOOh 
LLLHHHHH LLLLLL LZZ 1M AT 100000h 
LLHELELELLELL ELLLLL Z ZL 2M AT 200000h 
LHLLLLELLLE LLLELLL ZL Z 2M AT 400000h 
LHHLLLLL LLLLLL 2ZZL 2M AT 600000h 
HLLELELLLELL LLLLLL LZ Z 2M AT 800000h 
HLLLLLLL LLLLHL HZ Z 2M AT 800000h OFF 
LLHLELLLLLE LLLHLELL 22H 2M AT 200000h OFF 
LLLHLELLLH LLHLELLL HZ Z 1M AT 100000h OFF 
. . . . et te ree 1 1’ 1 7 1 ub se = SS 4 DL" AT ANAETANRAAL ser 
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DESCRIPTION 


This PAL is used in the D4 (386) memory board to decode addresses within the 
memory space and assert the M32% signal. It does all the decoding for all the 
expected options according to the following jumper settings. 


512K 640K 1M 

H H 254K 000000-O3FFFFh H NO EXTENDED MEMORY 

L H 512K 000000-0O7FFFFh L 1024K 100000-1FFFFFh 

L L 640K Q00000-9FFFFFh 

H LL #eHH ILLEGAL 

8M 2M 

H H OK 

HL 2048K 200000-3FFFFFh 

L oH 6144K 400000-9FFFFFh <(NQTE: The 8 Meg board asserts both 8M and 2M 
L Lk 8192K 200000-9FFFFFh strobes) 


When FAZO is low, the address line AZO should be considered to be low. 
When FA20 is high, A20 is decoded as usual. 

The abuve set of m32 outputs are wire ORed to form the signal M2z%. The 
actual equation for M32 is shown below. 


M32 = 

/A31#/A2Z3%/AZ2%/A21%/A2Z0#/A19%/AL8 s000000-O3SFFFF 254K 
+ /A31#/A2Z3*%/A2Z2%/A21% /A19#/A1L8% /FA20 s000000-O3FFFF 254K 
+ /A31#/A23%/A2Z2#/A21#/AZ0#/A19% A1LS# 512K 3040000-O7FFFF 256K 
+ /A31#/A23#/A22%/A21*/A2Z0% A19#/A18#/A17% &40K sO80000-O9FFFF 128K 
+ /A31#/A23%/A2Z2*/A2Z1#/A20% A19# A1S* A17* ROM 3OEQOOO-OFFFFF 128K 
+ /AZ1*# AZ3% A2Z2Z* A2Z1* AZ0#/A19# A1S# /312K sF40000-F7FFFF 256K 
+ /AZ31% A2Z3% AZZ2* AZ1*% A2ZO# A19*/A1S#/A17#/ 640K sFSQO00-F9FFFF 128K 
+ /AZ31% A2Z3% A2Z2* AZ1* AZO# A19#/A1S% A17 sFAQOQOO-FBFFFF 128K 
+ /AZ1# A2Z3% A22* A2Z1% AZO# A19* AIS sFCOOOO-FFFFFF 256K 
+ /AZ1#/A2Z3%/A2Z#/A21% A2ZO# 1M 3 10Q000-1FFFFF 1M 
+ /ABL#/AZS*/A2Z2% AZ1* 2M 3Z00000-3FFFFF 2M 
+ /A3Z1#/AZ3% AZZR/AZL* 8M :400000-SFFFFF 2M 
+ /A3S1#/AZ3% AZ2Z* A2Z1% 8M ;600000-7FFFFF 2M 
+ /A31% A2Z3#/A2Z2%/A21% : 8M s800000-9FFFFF 2M 
+ ASL* AZ3B*# A2Z2Z*/AZ1#/AZ0#/A19#/A1L8#/AI7 3;DIAG 80CO0000h 128K 


SOE 


PAL16L8B PAL DESIGN SPECIFICATION 
D4-RRAS 108054-001 PAUL R. CULLEY - 03/20/86 
D4 PAGE RAM BOARD RAS decode logic 
Copyright Compaq Computer Houston, Texas 1986 


aN A31  A23 A22 A21 A20 AIP AIS  AL7° FAZO GND 
-/RFSH /RSO /MWE /MRD /WEO /PARRD /PARWR /ROM /RS1 VCC 
RSO = . 
/A31% /A23% /A22* /A21* /A20* /A19 ;00000000H 512K 
+ /A31* /A23* /A22* /A21* /FA20* /A19 300100000H 512K 
+ /A31* /A23% /A22® /A21* /AZ0# A19% /A18* /A17 ;00080000H 128K 
+ /A31% /A23% /A22* /A2Z1® /A20# A19* A18* A17 ;000E0000H 128K 
+ /A31® A23* A22* A21* A20 s00FOOO00H 1024K 
+ RFSH ; REFRESH 
RS1 = 
/A31# /AZ3* /AZZ* /AZ1# AZO# FA20 ;0G100000H 1024K 
+ RFSH ; REFRESH 
PARWR = 
MWE* AGI# AZZe AZZ /AZ1# /AZ0# /A19# /ALS# /A17 s80C00000H 128K 
PARRD = 
MRD# ASL# AZ3# AZ2* /AZ1¥ /A20# /A19# /A18# /A17 ;80C00000H 128K 
WEO = 
MWE#/AS1# /AZ3® /A22® /A21* /AL9 ;00000000H 512K 
+MWE#/AS1# /AZ3® /A22# /A2Z1¥ /A20% A19* /A18* /AI7 ;00080000H .128K 
+MWEX/AS1# /AZ3* /A22% /A2Z1* /A20* A19% A18% A17* /ROM ;O000EOOOOH 128K 
aA +MWE#/AZ1# AZ3* AZ2* AZL*® AZO# /A19® A18 s00F40000H 254K 
+MWEX/A31# AZ3* A22# AZ1¥ AZO¥ ALI® /A18 ;00F80000H 254K 
+MWEX/AZ1% AZ3* AZZ AZI# AZO# AI9*® A1S# /A17 ;OOFCOOOOH 123K 


+MWE#/A31% AZ3*% A2Z2* AZ1* AZO# ALS# ALE# A17#% /ROM sOOFEOOOOH 128K 
FUNCTION TABLE 


AS1 AZS AZZ AZ1 AZO ALF ALS A17 FA2O /ROM /MWE /MRD /RFSH 
/RSO /RS1 /PARWR /PARRD /WEO 


L OQOO000H 312K 

L 100000H 512K 
L O80000H 128K 

H OEOQOOOH 123K 

L QEQOGOH 128k 

L F40000H 256K 
L F80000H 256K 

L FOOOOH 123K 

H FEOQOOH 128K 

L FEOQOOOH 128K 

H 100000H 1024K 
H 80COOOO0H 123K 
H 80COOOOOH 128K 
H REFRESH 


MESCRIPTION 


This PAL is used in the D4 (386) memory board to decode the RAS signals and 
the parity read and write logic. : 


Title: | SCHEMATIC-DP3E DEC 16,-1986 
REV: xX 


Drawing! O00559-000 

+12V 7Be,12BS,13C1 
+F2 401 
+KB 6B1 
-12V 12B8,13D1 
-SV 12BE,13C1 
-KB 6Bi 
3E71 4A&, 6C1,11Be 
ADS+# 2B1, 4A8,11B8,13Ae 
AENZ 4B, SA1 
ALE 308, 9B1 
RALE 4A8, 4Bc, %B1,10A8,12C8 
BCK<3:0> 3B1, 4D8 
ROLE eAG, 9A1L,12ES 
BEO+# 2B1, SAS, 4AS,13A¢ 
RE1+* 2B1, 3AS,12B5 
REZ 2B1, 3AS,13B 
RES* 2R1, GAS,12BS 
BEN#<3:0> GER1, 408 
RHE# SA1, 4B1,i2A8 
BHLDA 31, SBS, SBs 
BHLIIA# SB1, 4688, 9itis 
BRODY * 2B3, 4A8, ¥B1 
BIUISRDY SC, 9CS,12RS 
BUSY ZA1, 7D1 
BLISY 7+ 7oe,1101 
COLK32 2A1,11B8 
CIORD# 4011, 71 
KM 601,11085 

CLAST# 3A1, 9BS 

CLK14 2A1,11A6 

CLK14% 2A1, 9BS,13A8,13D8 

CLK32 2A1,13A8 

CLSTL+ 3A1, 406 

CMD+ 3BS, 403, 9B1,11A8 

CRDY* 286, 1101 

CX14% 3A1, 9BS 

p-« 2B1, 302, 4Ae, 13Ae 

DAEN* 4B1, 35K8, Sie 

DAEN1# 4H32, SBi 

DAEN2+# 4B1, SA8 

DAK#<7:0> 501,12A8,12C8 

DCLK 208, 6D8, 8C8, 9D1 

DCLK* 8B8, 9D1,10A8 

DCMD# 3A1, 4B8 

DIRRD# 3B1, 4C8 

DMA 4D1, 5B1,12B8 

DMA# SB1, 7D8 

DMAS 1+ 5C8, 7B1i 

DMASZ# SAS, 7A1 

OMRDC# SCS, 3D8 

DRDY SDEé, SD1 

DREQ 5A8, 98cs 

DRQO SCS, 12A8 

DRe1 5C8,12C8 

DRQ2 SBS, 12C8 

DRQZ SBS, 12C8 

DRS SAG, 12A8 

DRRE SAS, 12A8 


EHITIM 
EIOCHK 
ERR386* 
ERROR* 
GRAB* 
HAKDMA 
HITIM 
HITIM* 
HLDA 
HOLD 
HR@CP 
INT 
INT1S# 
INT2S* 
INTA# 
1016 
TOCHK+ 
IOQD<7:0> 
IOERR 
IORC# 
IOWC* 
IOWCX+ 
IRQ1O 
IRQ11 
IR@12 
IRQ1iS 
IRQ14 
TIRQIS 
IRQ3 
IRQ4 
IRQS 
TRESS 
IRQ7 
IRQS 
IRQ? 
KA20# 
KEYCS*# 
KEYWR# 
KRS 
LA<23:17> 
LD-C 
LM-IO 
LM146# 
LNCP+ 
LOWA20 
LOWEN# 
LW-R 
M-I0 
M1é% 
M32* 
MHLDA 
MRDC+# 
MRDY* 
MWTC# 
MYCYC# 


NCP IN* 


6A1, 7D8 


6A1, 7C8 


2A1, 11A1 

7D8, 11D1 

5B8, 5D8,12A8 
5Ae, SB1 

6Al, 
6D1, 
2A1, 
201, 
2B8, 
208, 
6C8, 
6B8, 
3B1, 
3A8, 


4D1, 5D1, 6C8, 7A8, 7C8,10B1 
6A1, 7C1 

4A1, 8D1,12B8 

4A1, 8D1, 9AS,10A1,12B8 
ABS, 9A1 

6B8, 12A8 

6BS, 12A8 

6B8,12A8 

6B8, 7D1 

6B8, 12A8 

608, 12A8 

6D8, 12C8 

6D8, 128 

6D&, 128 

éne, 12C8 

6D8, 128 

6B8, 7A1 

6BS, 128 


10A1 


6C8, 7C1,10A8 

6C8, 10A1 

Bi 

2C1, 3Ci, 5B1,10A8, 12B8 
3D1, 3C8, 4Be 

3D1, 3C8, 4B8, 9B 

3A8, 4Bi 

4A1,11C8 

2C1, 6C1,10A1, 13A8 

4B, 10B8 

3D1, 3C8, 4B8 

2B1, 3D8, 4A8,11B8,13A8 
ABS, 9AS8,10A8,12A8 

3B8, 4A8,10AS, 13A8 

4A1, 1308 

3C8, 4A1, SA1, 8D1,10A8,12A8 
2B8, 13A8 

3C8, 4A1, 98D1,12A98 

4A1, 9B3 

6B1 

6B1 

2A1 

208, 4A1 


°2C8,13A8 


6Ci, 7C1, 7D1, 7D1, 7B8, 8B1, 9A1,10A1,10A1,10A1,12C1,12C1 
6D1, 7D8 


NOWS# 9C8,12B8 

osc 7A1, 12B8 

OSC32* 7A - 

PASI 2D1, 3D8, 4A8,11B8,13A8 
PAC23:2> 2B1, 3D8,11B8,13c8 
PAGES* 58, 7Bi 

PARIT* 7D8, 13A8 

PBRD# 608, 7Bi 

PBWR# 6A3, 7Bi 

PCLK# 6C8, 7AL 

PD<31:0>  2D8, 4D8,11C8,13C3 
PEREG: 2De, 11D1 

PWGOOD 7A8, 13D1 

RDETEC 6Al, SAL 

READY# 2A1, 7D8,11B8 

REFCK 6A1, 7B8, 8Be 

REFEN# BAL, 9C8 

REFRS: 602, SAL 

REFRS# 4BS, SDS, SA1,10A8,12C8 
RESZE7 7rIt, 110 

RESCP 2B8, 7B3, 8C1 

RESCF# ect 

RESCPU*  2A1,11B8 

RESDRV SUS, 1208, 13D1 

RRL BAZ 

RET# 3AS, GAS, 708, 8C8, 9BS,10AG,11A8,13D1,13A8 
RSTAR# 4C1, 8C8 

SAC19:0> 3C1, 5Bi, 7D8, $Ci,10D8,12D8 
SI<15:0>  4C1,10C1,12A8, 12D8 
SHTD 401, 8C2 

SLOWH# 4D1, 8C8 

SMRDIC# 4E1, 1283 

SMWTC# 4B1,12B8 

Tc Sri, 1208 

Too 3A8, PAL 

T10 SAS, FAL 

TIM1S# éc@, 7D1 

TIM2S* 6pe, 7D 

TIMELK 60S, 7AL 

TMUL 701 

TST 283, 408 

TST2 Ane 

W-R 2B1, 30, 4AS,11B8,13Ae 
WDEN* 3B3, Bi 

XACB:02  4B1, SC1, 6C8, 7D8,10A8,11C8 
XIORC# 5C8, 6C8, 7B8, 8D8,11C8 
XTOWC# 5¢8, 6C8, 7Be, 8D8,11C8 
XMWTC# 5C8, 8D8 

2032 2A 

ZCK16# 2A1, 408 


ZOS22] TAS 
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SCHEMATIC-DP3E 


Drawing: 000559-000 
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13C3 
1304 
13C4 
13C3 
13CS 
1304 
13C5 
13C5 
7B8 
1408 
1408 
14D7 
14D7 
1414 
14Dé4 
14D5 
1405 
14D4 
1404 
1202 
14D% 
7B4 
1402 
1401 
1408 
14038 
14D7 
14D7 
14D& 
1406 
14DS 
14D5 
14014 
14D4 
14D3 
14D3 
14D2 
14D2 
14D1 
14C8 
14C8 
147 
14C7 
14C6 
14C& 
1475 
14C5 
1404 
14¢4 
1473 
14C3 
1402 
14C2 
1471 
14B8 
14B8 
14B7 
14B7 
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i eae 
"8, 5D8, 8D7 
1257 


é+:, 6B2, 6B2, 6C2, 6D2, 6D3, 4D3 
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ahs 
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ss Mp 
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$e, 
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ee 
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naa 


4B2, 


s04, 
SBS, 
SAS, 


BAZ, SD 
5A5, 1005 


5014, 9A7 
504, 507 


SDS, 6C2, 7A4, 8Az 


8B5, 8C5 
8A3, 8D5 


9B2, 9B2 


8B3, SAG 
9B8, 13D2 
2A7, 2A7 


eriz, sae 
8A7, 8A7 


707, 8A2,10B2, 10B2 


@, 7BE,13D3, 1304 


PAC31:2> 
PARCK 
PARIT# 
PARRD# 
PARWR* 
RASOA* 
RASOB+* 
RAS1A# 
RAS1B# 
RFSH* 
ROM* 
RSO# 
RS1# 
RST#* 
SWM* 
TST 
TSTO 
TST1+# 
TST2# 
W-R 
WEO* 
WPRT *# 


2B1, 
2B1, 
2Al, 
3A1, 


2D8,- 


4C1, 
4C1, 
4C1, 
4C1, 
2Al, 
3B8, 
3Al, 
3B1, 
2A1, 
3A8, 
4D8 

4A, 
208, 
3D3, 
2A, 
3Al, 
3Al, 


308 
3Al 
401 
4AS 
3Al, 
SCs, 
7c8, 
5B8, 
7B8, 
3A8, 
4Al 
4c 
4C8 
4B8 
4Di 


9D8 
3B1, 
4D1 
4D3 
SD8 
4Al 


4B8 
6C8 
8C8 
6B8 
8B8 
9BS 


4D1 


Titles D4 PAGE DRAM BOARD AUG 06, 1986 


Drawing: 000414-000 REV: A 
C 1 10D8 
Cc 2 10D7 
C 3 10D7 
c 4 10D7 
G 5 10D6 
c 6 10D& 
c 7 10D5 
c.)6h OU8 10D5 
c 9 10D4 
c 10 10D4 
Cc 11 10A8 
c 12 10D3 
C 13 10A7 
Cc 14 10D2 
C #15 10B2 
C 14 10D2 
Cc 17 10A7 
c 18 10B1 
G 19 10A4 
Cc 20 10De 
G “2i 10A4 
C 22 10D7 
C 23 10D7 
C 24 10D7 
C. 25 10D46 
C 26 10D6 
C 27 10DS 
Cc 28 10D5 
C 29 10D4 
C 30 10D4 
Cc 31 1003 
C 32 1022 
€ 33 1002 
Cc 34 10DZ 
CG 35 1002 
C 36 10D1 
C 37 10C8 
C 3e 10C7 
C 39 10C7 
C 40 10C7 
Cc 41 10C4 
C 42 10C& 
C 43 10C5 
C 44 10C5 
Cc 45 10C4 
C 46 10C4 
C 47 1003 
Cc 48 10C3 
C 49 10C2 
Cc 50 10C2 
Cc 31 10C2 
Cc es 10C1 
C 33 10C3 
C 54 10C7 
Cc 55 10C7 
C 56 10C7 
C 357 10C6& 
Cc #58 1006 
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10C5 
10C4 
1004 
10C3 
10C3 
1002 
10C2- 
10C2 
10C1 
10C8 
10C7 
10C7 
10C7 
10C6 
10C6 
1005 
10C5 
1004 
10C4 
1003 
10C3 
1002 
1002 
1002 
10C1 
10B3 
10B7 
10B7 
10B7 
10B6 
10B6 
10B5 
10B5 
10B4 
10B4 
10A5 
10A5 
10A4 
10A4 
10A3 
10A3 
10A2 
3a 
3A7 
3A7 
3A7 
9A7 
9A5 
2De 
9C4 
1A2 
4C7 
4C7 
5D7 
5B7, 
5B7 
4B2, 
4R6 
23, 
4A2 
403 
405 
4a 


5D7 
4B2, 4B2, 4B2, 4C2, 4C2, 4C2, 4C2 


204, 2C6, 2C7, 4D3, 4D3, 4DS8, 9AS, 9AE 


9D3 


Title: 


D4 PAGE DRAM BOARD 


Drawing: 000414-000. 


iM# 


SMe 


312K 
540K* 
SM* 

ADS# 
ALISM+ 
BA31:211> 
BE#<3:0> 
CASO# 
CAS1* 
CAS2* 
CAS3+# 
CLAT 
CLK16+# 
CLK32 
CS* 

D-c 
DMIO 
EQ1i+# 
En2* 
ER#<3:0> 
F20 

HILDA 
LOWA20 
M-IO 

MO 


MAX<9: 0> 
MCAS* 
MD<31:0> 
MRAS+# 


3A8, 
3B8, 
3B, 
3B3, 
3A8, 
2AL 

2B1, 
301, 
Al, 
4B1, 
4B1, 
4B1, 
4B1, 
3A3, 
2A1, 
2A1, 
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16 1 101262-001 XTAL, MINTR, 32. 748KHz Y 2 

42 1 100144-002 IC, PRGML INTRPT CONTR, .8259-2 U 1 

42 1 100144-002 IC, PRGML INTRPT CONTR. .8259-2 U 2 

100 1 100129-001 IC, OCT BUS XCVR.......74LS245 U 3 

99 1 100091-001 IC, OCT BFR/L DRVR.....74LS244 U 4 

101 1 101653-001 IC, CNTReecscsccass anes 74LS590 Cr) 

34 #1 100195-005 XTAL, OSCR, 14.31818mHZ U & 

Si 1 101637-001 IC, DL D-TYPE F/F......74ALS74 U 7 AB 
100 1 100129-001 IC, OCT BUS XCVR...-20» 74LS245 U g 

54 1 101433-001 Ic, OCT D-TYPE LCH....74ALS5723 u 9 

100 1 100129-001 IC, OCT BUS XCVR....... 74LS245 U 10 

S 1 101433-001 Ic, SCT D-TYPE LCH....74ALS573 u 11 

105 1 100079-008 SCKT, IC,LO FF,2EP,.400 U 12 

105 1 100079-008 SCKT, IC,LOQ PF,28F,.400 U 13 S 
é1 1 1082328-001 ASSY, EFROM, MEM #2 CEVEN] U 13 

105 1 100079-008 SCKT, IC,LO PF,2eF,.490 U 14 

105: 2 100079-008 SCKT, IC,LO FF, 26P,.600 U 5 s 
62 1 108227-001 ASSY, EPROM,MEM #1 CODD] U 15 

52 1 102605-001 IC, 4-BIT BIN CNTR....74ALS143 U 16 

100 1 1001297-001 Ic, OCT BUS XCVR......- 74L$245 U LE 

100 1 100129-001 IC, OCT BUS XCVR.....2++74L9245 U 18 

54 1 101633-001 IC, OCT D-TYFE LCH....74ALS573 U 19 

100 1 100129-001 IC, OCT BUS XCVR......~74LS245 U 20 

54 1 101633-001 Ic, OCT D-TYPE LCH....74ALS573 U 21 

40 1 100147-001 IC, DMA CONTR. «sees seen eee 8237 U 22 

40 1 100147-001 IC, DMA CONTR. cece eer eeee 8237 i) 23 

54 1 1016332-001 IC, OCT U-TYPE LCH....74ALSS73 U 24 

54 1 101433-001 IC, OCT D-TYPE LCH....74AL5573 i) 25 

o7 1 100091-001 Ic, OCT BFR/L DRVR..... 74L5244 ul Zh 

109 1 100127-001 Ic, OCT BUS XCVR....--s 74L5245 u 27 

95 1 105472-001 Ic, OD BUS XCVR..... eee 74LS242 ul 25 

7z 1 103135-001 ASSY, IC,PAL,D4-SROMA....14LSA us 2? 

102 1 101649-001 IC, MEM MAPPER.......++ 74LS612 u BO 

65 1 103394-001 ASSY, IC,PAL,D4-SCMDD....16L5B u 31 

6&7 1 1083976-001 ASSY, IC,PAL,D4-SDEND....16L5A u 32 

100 1 100129-001 Ic, OCT BUS XCVR. we ee ee F4LS245 U 33 

54 1 101633-001 IC, OCT D-TYPE LCH....74ALS572 u 34 

54 1 1014633-001 Ic, OcT D-TYPE LCH....74ALS5S72 U 35 

3 1 103046-001 XTAL, GSCR,24.000mHz, CMOS Uo 3b 

99 «1 100091-001 IC, OCT BFR/L DRVR....- 74LS244 Yo 37 AB 
63 1 105445-001 ASSY, IC,PAL,D4-SADI.....146L9B U 38 

54 1 101633-001 IC, OCT D-TYPE LCH....74ALSS73 U 39 

o7 4 100071-001 Ic, OCT BFR/L DRVR..... 74LS244 U 40 

oy yf 1900F1L-O04 Ic, OCT BFR/L DRVR.....74L5244 | 41 

104 1 100077-009 SCKT, If,LO FF,46F,.4600 uo Az 

9O 1 103223-001 IC, DL J(K) F/Feeeees »» 7400109 U 43 AB 
41 1 101822-001 Ic, FRGML INTVL TIMER..... 3254 U 44 

41 1 10122-0011 IC, PRGML INTVL TIMER..... B254 U 45 

&& 1 108375-001 ASSY, IC,PAL,D4-SCPYD....16L5A U 44 

95 1 100131-001 IC, O0 GATED BFR...... »74L3125 U 47 ABC 
95 1001:31-001 IC, QD GATED BFR.....6. 74LS125 U 42 ABCD 
7 | 100135-001 Ic, 3-2 L DODR/DMUXR...74LS133 U 49 

97 1 100151-001 IC, OO O-TYPE F/F...... 74LS175 Uu 50 

9 1 100091-001 It, OCT BFR/L DRVR.....74LS244 U=SséSi 

73 1 105657-001 ASSY, IC,PAL,D4-SNCP.....16LEA U 52 
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> Item Qty Part. Number Description Ref Des 
se) 1 101425-001 IC, OD 2-INF AND GATE..74ALS08 U 3 ABCD 
47 1 101432-001 Ic, @D 2-INF NAND GATE. 74ALS00 ues ABCD . 
49 1 1016326-001 IC, HEX INV. weer eeveese /4ALSO4 Uo SS ABCDEF 
731 108219-001 ASSY, IC,FAL,D4-STATB....20R3A ue: 5% 
) soo 108221-001 IC, OCT D-TYPE F/F....74ALS273 U 57 
64 1 108393-001 ASSY, IC,FAL,D4-SADOD..,.Z20R4A uo Se 
, a 101439-001 IC, OD 2-1 D SEL/MUXR...74F257 U 59 
108 1 108293-001 SCKT, IC,6@ PIN PGA lho 40 
21 01 101437-001 Ic, DL D-TYFE F/F...+..74ALS74 uC AB 
94 4 32 TC) AND-OR-INVERT GATE... 74L521 Wo 4S AB 
air It, OL D-TYFE F/F.voess PARLE 74 Wo 6S AR 
wi JNBES7-OOL ARSY, I0,PAL,C4-SPPI.....1GL3A US 
ae Im, GD O-TYPE F/Faevaeee 74F 175 uo GS ABCL 
47 1 IG, GD 2-INF NAND GATE. 74AL500 Uo he ARCK 
ee Te, DL D-TYFE F/Feeeas e ARLE ho G7 AB 
by} ie ASSyY, IC,PAL,D4-SMiC0.... 14R40 U Oi 
me 3 1OOR27 O01 Ic, DL E-TYPE F/F..e ee eae T4F 74 u be AR 
sl oi tO1G627-001 Ic, OL D-TYFE F/F...ees 74AL574 UW 70 AB 
oF 3 POL 7O-oo, Th, GO N6ND GATE... ...aee TAF OD u 7 ABCD 
se 1o1427-001 Ic, OL O-TYPE F/F......74ALS74 uo 7 AB 
76a 41 191158-001 ic, QD Z2-INF AND GATE....74F08 uo 73 ABCD 
B11 4 101154-001 IC, QO D-TYPE F/F..en0e+ J4F175 U 74 ABCD 
oh. 103222-001 IC, @D GATED BFR.......74HC125 Uo 75 ABCD 
Oo 10? 1 196148-001 SET, IC,192 PIN,PGA Uo =76 S 
44 1 1N5474-002 IC, S2-BIT MICROPRCSR. 80386-16 uo C7? 
& 4 101444-001 IC, REAL TIME CLK.....MU146918 uo 77 
107 1 106077-O12 SCKT, IC,LO PF,40P,.400W,CLR Wo 76 $ 
Ao 1 102720-004 ASSY, IC,KYBD) INTFC-M Uo 7B 
aot 1e9527-601 IC, DL D-TYPE F/F..eeee+- 74F74 lo 7? AB 
74 1 SPARE IC LOCATION 14 FIN Uo BO 
S11 1014637-001 Ic, DL D-TYPE F/F......74ALS74 us AB 
BO 1 100527-001 IC, DL D-TYFE F/F.ssee++74F74 u 2 AB 
a0 1 100527-001 IG, DL D-TYPE F/F....-.+.74F74 U 83 AB 
€0 i 106527-001 IC, DL D-TYPE F/F........74F74 u- 84 AB 
37 (1 100195-013 XTAL, OSCR, 32mHz Uo 85 
39 1 101647-001 IC, HEX INVis scene e eee eee 2 4069 U8 ABCDEF 
465 1 108340-001 ASSY, IC,PAL,D4-SKEY.....16R4A U 37 
48 1 101654-001 IC, @D 2-INP NOR GATE. .74ALSO2 US ABCD 
#1 1 101156-001 IC, QD D-TYPE F/F...02..74F175 U 89 ABCD 
Sto oo1 1014637-001 IC, DL B-TYPE F/F......74ALS74 uO AB 
so] 102341-001 IC, HEX BFR,OPEN COL. 74ALS1035 Uo =d ABCDEF 
7 A 101421-001 Ic, TPL S-INP AND GATE... 74F 11 U 2 ABC 
45 4 100182-001 Ic, DL PREHL NANT DRVR...75477 ul 3 
#2 JOOTTRKOT i Sw, REC RER DIF, oPos 5 1 
Kc 1 LOO200-002 RNET, 3.2K OHM,46PIN SIF,SRES RP 1 
os 1 100200-010 RNET, 300 OHM,4 PIN SIP,SRES RP Zé 
Bot LoOoz01-O01 RNET, &.2K OHM,10 PIN SIP, 9RES RF 3 
ca | Logzoi-ool RNET, &.2E OHM,10 PIN SIF, 9RES RP 4 
oO 1 190201-901 RNET, 3.2K OHM,10 PIN SIP, 9RES RP 5 
Sz ol 100201-001 RNET, &.2K OHM,10 PIN SIF, 9RES RPO & FG 
a 1OOBO1-O00%9 RNET, ZOK OHM,10 PIN SIF, ?RES RP 7 
7 i 100023-030 RES, &.2K OHM, 1/4W,57%,CF RP & ABCDEFG 
30,001 1Q0198-923 RES, Z.57K OHM, 1/4W, 17%,MF R 1 
Biol 100195-002 RES, 3.46K OHM, 1/4W,17,MF RF 2 
241 LO0083-034 RES, 270 OHM, 1/4W, 572, CF R 3 
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1s 1 100083-019 RES, 30 OHM, 1/4W,5%,CF R 4 
ba 1 100033-024 RES, 1k OHM, 1/4W,5%,CF R 5 
& 1 100083-032 RES, 4.7K OHM,1/4W,5%,CF R 6 
23 1 100033-044 RES, 360 OHM,1/4W,5%,CF R 7 
= 1 1000832-O019 RES, 30 OHM, 1/4W, 5%, CF R 8 
ZY. 100083-012 RES, 100 OHM,1/4W,57,CF R 9 
zz 10008S-056 RES, i¢O OHM, 1/4W,5%,CF R 10 
2z 1 100033°3-054 RES, 180 OHM, 1/4W,57%,CF R 11 
ra 1 100083-026 RES, 1K OHM, 1/4W,572, CF R 12 
na 100083-054 RES, 180 OHM, 1/4W,22,CF R 13 
iz 1 LOO0RS-007 RES, ZOK OHM, 1/4W,52%,CF R 14 
7 1 109033-030 RES, 8.2K OHM, 1/4W,5%,CF R 15 
= 1 10098-0246 RES, 1K OHM,1/4W, 52, CF R 14 
14 1 100033-085 RES, 22MEG OHM, 1/4W,5%,CF R 17 
Zh 1 100032-0731 RES, 470K OHM, 1/4W,5%, CF R 16 
7 1 100033-030 RES, 8.2K OHM, 1/4W,52,CF R 1¢ 
a 1 100083-026 RES, 1K OHM,1/4W,572,CF R 20 
S 1 100083-026 RES, 1K OHM,1/4W,5%,CF R 21 
7 1 100082-030 RES, 8.2K OHM, 1/4W,52,CF R 22 
12 1 100083-0049 RES, 20K OHM, 1/4W,52%,CF R 23 
ss) 1 100083-026 RES, 1K OHM,1/4W,5%, CF R 24 
1S 1 100083-019 RES, 30 OHM,1/4W,5%,CF R 25 
ws J 100083-019 RES, 30 OHM, 1/4W,5%,CF R 26 
6 1 100083-032 RES, 4.7K OHM, 1/4W,5%,CF R 27 
& 1 100083-032 RES, 4.7K OHM, 1/4W,5%, CF R 228 
22 1 100083-056 RES, 180 OHM,1/4W,5%,CF R 29 
2z 1 100083-056 RES, 160 OHM, 1/4W,52%,CF R 30 
19 1 100083-003 RES, 68 OHM, 1/4W,5%,CF R 31 
es 1 100083-059 RES, 200 OHM, 1/4W,5%, CF R 32 
17 1 100033-003 RES, 63 OHM,1/4W,52%, CF RK 33 
13 1 100083-001 RES, 22 OHM,1/4W,5%,CF R 34 
is 1 100083-001 RES, 22 OHM, 1/4W,52,CF R i] 
19 (1 100083-003 RES, 68 OHM, 1/4W,52,CF R 36 
is 1 100083-020 RES, 51 OHM, 1/4W,5%,CF R 37 
Ly a 100083-003 RES, 68 OHM,1/4W,5%, CF R38 
8 1 100083-008 RES, 10K OHM,1/4W,52,CF R 39 
€ 1 100083-008 RES, 10K OHM,1/4W,5%,CF R 40 
12 1 100083-009 RES, 20K OHM, 1/4W,5%,CF R 41 
2 1 100083-056 RES, 180 OHM, 1/4W,5%,CF R 42 
3 1 100111-001 RES, O OHM R 43 
20 1 100199-004 RES, 68 OHM, 1/2W,52,CC R 44 
110 1 100234-001 IC, REG,SH,2%,50PPM/C......431 Q 1 
oh 000560-001 PCB, DP3E, g0386 SYSTEM BOARD FIDR. 
27 i 1O1374-001 FERRITE BEAL, W/LEAD L 1 
gS 1 101374-001 FERRITE BEAD, W/LEAD L 2 
a 101374-001 FERRITE BEAD, W/LEAD L 3 
3 1 101374-001 FERRITE BEAD, W/LEAD 3 4 
Ba 1 101374-001 FERRITE BEAD, W/LEAD L 4 
sg 1 100224-003 CONN, FCB STD EDGE, 40/80 ra 101 
ag 100224-001 CONN, PCR STD EDGE,31/62 J 102 
sc 1 100224-001 CONN, PCB STO EDGE, 21/62 J 103 
se 1 100224-001 CONN, PCB STD EDGE,31/462 J 104 
ral <a 100224-001 CONN, PCB STD EDGE,21/62 J 105 
33 100224-001 CONN, PCB STD EDGE,31/62 J 106 
ta 100224-001 CONN, PCB STD EDGE, 31/62 J 107 
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Item Qty Part Number Description Ref Des 
S81 100224-001 CONN, PCB STD EDGE,31/62 J 108 
103 1 100213-001 HDR, PCB, 1ROQW,SPOS,STR POST J 109 
103 1 100213-001 HDR, PCB,1ROW,SPOS,STR POST J 110 
103 1 100218-001 HDR, PCB,1ROW,SPOS,STR POST J 111 
103 1 100218-001 HDR, PCB,1ROW,SPOS,STR POST J 112 
87 1 105609-604 HDR, 1ROW,SPOS,KEY 4P0S,STR J 113 
85 1 105409-002Z HDR, 1ROW,4PO0S,KEY 2P0S,STR J 115 
8& 1 1054609-006 HDR, 1ROW,7FOS,KEY SPOS,STR J 116 
104 1 101329-001 HDR, ZOPOS,.156CTR,.045SQ POST J 117 
G4 1 105407-001 HDR, 1ROW, KEY 2P05,STR J 118 
o4 1 100154-004 HOR, PCB, iROW,2P0S,STR POST | 119 
a | 2 CONN, FCR STO EDGE, 3/4 J 121 
2 1 1NOEE4-A02 CONN, PCB STD EDGE, 12/34 J 123 
S7 1 100224-002 CONN, PCB STD EDGE, 16/34 J 124 
57 0 10224-0028 CONN, PCR STD EDGE, 158/34 J 125 
a7 1 100; CONN, FOB STD EDGE, 16/34 J 126 
5 1 LOOBE4-008 HONN, PCB STO EDGE, 18/34 ul 127 
74 1 101270-GQ4 FUSE, SUB MINTR,S.0A, 125V F 1 
7h 4 101270-064 FUSE, SUB MINTR,S.OA, 125V F. 2 
92°40 100081-9004 UMPR, PCB, 2 FOS ER 1-2 
72 40 100081-001 JMPR, POR, 2 FOS ER i=2 
g2 0 100081-901 UMFR, PCB,2 POS ER 1-1 
89 0 100134-010 HDR, PCB, 1ROW,9POS,STR POST ER 1 
92 0 100031-001 JUMPR, PCH,2 FOS ER 2-3 
92 0 100031-00% JMPR, PCB,2 PQS ER 2-2 
9¢ 0 100081-001 JMPR, PCB,2 PQS ER 2-1 
ay 0 100184-010 HDR, PCB, 1ROW,9F05,STR POST ER 2 
29 1 10G1972-001 DIGDE, GENL PRF......-0- 1N914B CR 1 
29 1 LOOT v2-901 DIODE, GENL FRF......--- 1N914B CR 2 
ZF 1 1OG1?2-001 DIODE, GENL PRP.....eee- 1N914B CR 3 
a | 100254-001 DIONE, LED,RED DIFFUSED CR 4 
1o 1 100082-005 CAF, 10MFD,146V,20%, TANTALUM c 1 
2-1 100085-009 CAP, .047MFD,50V, -20/+80%, ZSU -€ 2 
10 1 1G00&2-005 CAP, 10MFD,14V,20%, TANTALUM ¢ 3 

z 1 100085-009 CAP, .O47MFD,50V,-20/+807%, Z5U c 4 
10 1 100082-005 CAP, 10MFD,16V,20%, TANTALUM c $3 

Z 1 100085-009 CAP, .O47MFD,50V,-20/+80%, Z5U c 66 
10 1 100082-005 CAP, 10MFD,16V, 20%, TANTALUM Cc 67 

2 1 100085-009 CAP, .047MFD,50V,-20/+80%, ZSU c 68 
10 1 100082-005 CAP, 10MFD,16V,20%, TANTALUM c 9 

2 1 100085-009 CAP, .047MFD,50V, -20/+807, ZSU c 10 
2 1 100085-009 CAP, .047MFD,50V,-20/+80%, Z5U c 11 
10° 1 100982-005 CAP, 10MFD, 14V, 20%, TANTALLIM c 12 
z 1 100085-00% CAF, .O47MFD, 50V,-20/+502, 251 C 13 
2 1 100085-009 CAF, .047MFD, SOV, -20/+307, Z5U fC 14 
2 1 100085-009 CAP, .047MFD, SOV, -20/+807%, Z5U c 15 
Z 1 1000385-00%9 CAP, .047MFD,S0OV,-20/+807, Z5U C 16 
2 1 100085-00”% CAF, .O47MFD,S0V,-—20/+807, Z5U C 17 
2 1 100085-009 CAP, .O47MFD, SOV, -20/+80%, ZSU c 12 
2 1 100085-009 CAP, .047MFD,S50V,-20/+807, Z5U c 14 
1 1 100085-007 CAP, .OO1MFD,SOV, 20%, X7K c 20 
10 1 100082-005 CAP, 10MFD,146V, 20%, TANTALUM Cc 21 
10 1 100082-005 CAP, 1OMFD,16V, 20%, TANTALUM C 22 
2 1 100085-009 CAP, .047MFD,SOV,-20/+807, Z5U C 23 
= i C 24 


100085-009 CAP, .047MFD, SOV, -20/+80%, Z5U 
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100085-009 
100085-009 
100085-009 
100085-009 
100085-009 
100085-009 
100085-009 
100085-009 
100085-009 
100085-009 
100085-009 
100035-0097 
100085-007 
100085-009 
oe -00% 
1000 25-008 

100085-00% 
100082-005 
100035-009 
160065-009 
100085-009 
10008S-009 
100085-009 
100085-00% 
100035-007 
100085-00% 
100085-00% 
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100035-007 
100062-005 
1900083-007 
100065-00% 
100035-024 
100085-009 
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100025-007 
100G052-005 
kota -OO9 
100085-007 
10005 aad 
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.047MFD, SOV, -20/+80%, Z5U 
O47MFD, SOV, -20/+80%, Z5U 
.047MFD, SOV, -20/+80%, Z5U 
.047MFD, SOV, -20/+80%, Z5U 
.O47MFD, SOV, -20/+80%, Z5U 
.O47MFD, SOV, -20/+80%, Z5U 
.047MF, 50V, -20/+80%, Z5U 
.047MFD, 50V, -20/+80%, Z5U 
.047MFD, 50V,~-20/+80%, Z5U 
.O47MFD, SOV, -20/+80%, Z5U 
.O47MFD, SOV, -20/+80%, 75 
.O47MFD, SOV, -20/+80%, Z5U 
.O47MFLI, SOV, -20/+20%, Z5U 
.O47MFD, 50V, -20/+280%, Z5U 
.047MFD, SOV, -20/+80%, Z5U 
.O47MFU, SOV, -29/+80%, ZS 
.O47MFII, SOV, -20/+80%, Z5U 
.O47MEL, SOV, -20/+30%, 751 
1OMFL, 14V, 20%, TANTALUM 
.O47MFD, SOV, -20/4+80%, Z5U 
.047MFD, SOV, -20/+80%, Z5U 
.047MFD, SOV, -20/+30%, Z5U 
.047MFD, SOV, -20/+80%, Z5U 
.047MFL, 50V, -20/+80%, Z5U 
.O47MFD, SOV, -20/+80%, Z5U 
.OOLMFD, SOV, 20%, X7R 
.G47MFL, SOV, -20/+80%, Z5U 
.O47MFB, 50V, -20/+90%, Z5U 
JO47MED, SOV, -20/+80%, Z75U 
JO47MED, SOV, -20/+30%, Z5U 
OG7MFD, SOV, -20/480%. Z5I 
.O47MFL, SOV, -20/+30%, Z5U 
1OMFD, 16V, 20%, TANTALUM 

. O47MFD, SOV, -20/+80%, Z5U 
.O47MFD, 50V, -20/+80%, Z5U 
47PF , 50V, 10%, COG 
.047MFD, SOV, ~20/+80%, Z5U 
10MFD, 16V, 20%, TANTALUM 

. 047MFD, 50V, -20/+80%, Z5U 
. O47MFD, 50V,-20/+80%, Z5U 
.O47MFD, 50V, -20/+80%, Z5U 
.047MFD, SOV, -20/+80%, Z5U 
.O47MFD, SOV, -20/+80%, Z5U 
.O47MFD, SOV, -20/4+20%, 75 
LOMFL, 14V, 20%, TANTALLIM 
.O47MFLI, SOV, -20/+80%, Z5U 
.O47MFL, SOV, -20/+80%, Z5U 
.O47MFL, SOV, -20/+30%, 75U 
.O47MFD, SOV, -20/+80%, Z5U 
.047MFD, SOV, -20/+80%, Z5U 
1OMFTI, 14V, 20%, TANTALUM 
.O47MFD, SOV, -20/+380%, Z5U 
.O47MFD, SOV, -20/+80%, Z5U 
.O47MFL, SOV, -20/+80%, Z5U 
. OGIMFD, SOV, 20%, X7R 
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LIST OF MATERIALS REPORT DATE: 12-22-1986 


PAGE: 6 

D4 MOTHER BOARD SCHEMATIC Drawing No: 000559-000 Rev: X og , 

Item Qty Part Number: Description Ref Des 

2 1 100085-009 — CAP, .047MFD,SOV,-20/+80%, Z5U c 80 

z 1 100085-009 CAP, .047MFD, SOV, -20/+80%, ZSU Cc 681 

2 1 100085-009 CAP, .047MFD, SOV, -20/+80%, Z5U Cc 82 

2 1 100085-009 CAP, .047MFD,S50V,-20/+80%, Z5U c 0683 

2 1 100085-009 CAP, .047MFD,50V,-20/+80%, ZS5U Cc 6684 

2 1 100085-009 CAP, .O47MFD,50V,-20/+80%, Z5U Cc 8685 

10 1 100082-005 CAP, 10MFD,16V,20%, TANTALUM Cc 86 

Z 1 100085-009 CAP, .047MFD, SOV, -20/+80%, Z5U C 87 

2 1 100085-009 CAP, .047MFD, SOV, -20/+80%, Z5U Cc 88 
2 1 100085-009 CAP, .047MFD,50V,-20/+807, Z25U Cc 89 
2 1 100035-004 CAP, .O47MFD, 50V,-20/+80%, Z5U Cc 30 
2 1 100065-909 CAP, .047MFD, SOV, -20/+80%, ZS5U GG F1 
z 1 100085-007 CAF, .047MFD, SOV, -20/+80%, Z5U C 2 
2 1 100085-009 CAP, .047MFL, SOV,-20/+80%, ZS5U Cc 9 
1 1 100085-007 CAP, .OO1MFD, SOV, 207, X7R C 34 
2 1 100085-007 CAF, .O47MFD, SOV, -20/+80%, ZS Cc 9S 
1 1 100085-007 CAP, .OO1MFD, SOV, 20%, X7R C DG 
1 | 100085-007 CAF, .GO1MFD, 5S0V, 20%, X7R C 97 
2 1 190035-009 CAP, .047MFD, SOV, -20/+307, Z5U c 98 
2 i 100065-009 CAF, .047MFD,50V,-20/+807, Z5U Cc 9 
9 1 100085-013 CAP, 10PF,S50V,10%,COG c 100 
2 1 100085-009 CAF, .047MFD, SOV, -20/+80%, Z5U c 101 
2 1 100085-009 CAP, .047MFD, SOV, -20/+80%, Z25U C 102 
2 i 100085-009 CAP, .047MFD, 5SOV,-20/+802Z, 75U C 103 
2 4 100985-009 CAP, .047MFD,50V,-20/+807, ZSU Cc 104 
2 1 100085-009 CAF, .O47MFI, SOV, -20/+804, ZSU C 105 
2 1 100085-009 CAP, .O47MFD,50V,-20/+80%, Z5U £106 
2 1 100085-007 CAF, .O47MFD, SOV, -20/+867, Z5U 107 
pt 1 190085-007 CAP, .QOLMFD, 50V,20%,X7R c Log 
2 1 100085-007 CAP, .O47MFLI, 50V,-20/+80%, 25 a Cs 
2 1 1500085-907 CAF, .O47MFD, SOV, -20/+307, 251 C 110 
1 1 100085-007 CAF, .OOLMFD, SOV, 207%, X7R C 111 
2 1 100085-009 CAP, .O47MFD, SOV, -20/+307, Z5U C 112 
10 1 100082-005 CAF, 10MFD,16V, 20%, TANTALLIM c 113 
17 1. 100085-024 CAF, 47PF,50V,10%,C0G c 114 
17 1 100085-024 CAP, 47PF,50V,10%,COG C 115 
2 1 100085-006 CAP, .O1MFD, SOV, 20%, Z5U c 116 
11 1 1{OOORS-014 CAF, 18PF,50V,10%, 006 C 117 
4 1 103242-001 CAP, .OSMFDI, DECOUPLING, PGA/LCC Cc 118 
4 1 108242-001 CAP, .OSMFD, DECOUPLING, PGA/LCC C 119 


Total parts = 304 Total holes = 3317 
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LIST OF MATERIALS REPORT 


DATE: 
D4 MOTHER BOARD SCHEMATIC Drawing No: 000559-000 Rey ‘a ae — a 2 
Item Qty Part Number Hescrintion Ref De 
IP rar rrr rrr rrr rrr rrr rr rrr rrr rrr sr se rn ttn nn cen cnn ns ai eyecare ainre ear es 
1 8 100085-007 CAP, .OO1MFD,S5OV,207%,X7R C20,50,79,94,96,97, 
108,111 
2 88 100085-009 CAP, .O47MFD,50V, -20/+80%, Z5U C2,4,6,8,10,11,13- 
19, 23-42, 44-49, 51- 
56,58,59,61, 63-68, 
70-74, 76-78, 80-85, 
87-93 ,95,98,997,101- 
107, 109,110,112 
3 1 100111-001 RES, O OHM R43 
4 2 106242-001 CAP, .OSMFD, DECOUPLING, PGA/LCC C119, 119 
a & 100083-026 RES, 1K OHM,1/4W,52%,CF R5,12,16,20,21,24 
& 3 100083-032 RES, 4.7K OHM, 1/4W,52Z,CF R4,27,26 
7 4 100053-030 RES, $.2K OHM, 1/4W, 57%, CF RLS; 13,223 
& z 100083-008 RES, 10K OHM, 1/4W,57,CF R3? , 40 
9 1 100085-013 CAF, 10PF,50V,107, COG r100 
10 15 10008%2-005 CAP, 1OMFD,16V,20%, TANTALUM Cl. Suiniy fy Sy dg, 
22,43, 57, 42,469,75, 
24,113 
11 1 100085-014 RAF, 12PF,50V,102Z, C06 C117 
1z 3 100083-009 RES, ZOK OHM, 1/4W,52, CF R14, 235,41 
13 2 100083-001 RES, 22 GHM,1/4W,5%,CF R34,35 
14 1 100083-085 RES, 22MEG OHM,1/4W,5%,CF R17 
15 4 100083-019 RES, 30 OHM,1/4W,5%,CF R4,8,25,26 
16 1 101262-001 XTAL, MINTR, 32. 768KH2 Y2 
17 3 100085-024 CAP, 47PF,S50V,10%,COG C40,114,115 
16 1 100083-020 RES, 51 OHM,1/4W,5%,CF R37 
1? 4 100033-003 RES, 68 OHM, 1/4W,57Z,CF R31,33,36, 38 
ZO 1 100199-004 RES, 6&8 QHM,1/2W,52,CC R44 
21 1 100083-012 RES, 100 OHM, 1/4W,52,0F RY 
zz OG 100083-056 RES, 160 OHM, 1/4W,572,CF R10, 11, 13,29, 30, 42 
23 «1 100033-059 RES, 200 OHM, 1/4W,57,CF Riz 
24 1 100083-034 RES, 270 OHM,1/4W,57%,CF RS 
Zo 1 100083-044 RES, 340 OHM, 1/4W, 57, CF R7 
26 1 100083-031 RES, 470K OHM,1/4W,5%,CF R18 
27 i 101374-001 FERRITE BEAD, W/LEAD Li 
23 #1 100085-006 CAP, .O1MFD, SOV, 20%, Z5U C114 
22 3 100192-001 DIODE, GENL PRP..... »2e IN914B CR1-3 
20 41 100196-023 RES, 2.87K OHM, 1/4W,1%,MF Ri 
3 1 100198-002 RES, 3.48K OHM,1/4W,12%,MF R2 
sz 1 100200-002 RNET, 8.2K GHM,46PIN SIP,SRES RP 1 
3 4 100201-001 RNET, 8.2K OHM,10 PIN SIP,9RES RPS-6 
34 $41 100195-005 XTAL, OSCR, 14.31818mHZ U6 
so Loozo01-007 RNET, ZOK OHM,10 PIN SIP, 9RES RF'7 
2&1 LOEG44-004 X¥TAL, WECR, 24, 000mHz, CMOS Es 
371, 1001 75-013 XTAL, OSCR, S2mHz uss 
cto | 100200-010 RNET, 300 OHM,6 FIN SIP,SRES RF2 
a7 61 101447-001 IC, HEX INV...... Ewe ewe 4069 US 
40 2 100147-001 IC, DMA CONTR... eee ee eee S22 U22, 2S 
41 2 1015?2-001 IC, PRGML INTVL TIMER..... 8254 U44,45 
42 2 100144-002 Ic, PRGML INTRFT CONTR..S259-2 ui,2 
43 1 100161-001 Ic, [DL PREHL NAND DRVR...75477 U?S 
44 1 105674-002 IC, 22-BIT MICROPRCSR. 80384-16 W746 


LIST OF MATERIALS REPORT DATE? 12-22-1986 PAGE: 2 
_ D4 MOTHER- BOARD SCHEMATIC Drawing No? O000559-000 Revi X 


ee ee a ee a a = - 


Item Qty Part Number Description Ref Des 
45 1 000540-001 PCB, DPSE, 80386 SYSTEM BOARD PCB. 
4é& 1 101646-001 IC, REAL TIME CLK.....MC146818 U77 
47 2 101632-001 IC, @D 2-INP NAND GATE. 74ALSOO U54, 66 
48 1 101656-001 IC, QD 2-INP NOR GATE..74ALS02 Use 
49 1 101434-001 IC, HEX INV... csccvceees /4ALS04 USS 
20 «1 101626-001 IC, QD 2-INP AND GATE..74ALS0S u53 
51 8 101637-001 IC, DL D-TYPE F/F.sseee74ALS74 U7,61,63,67,70,7Z, 
81,90 
S21 102405-001 IC, 4-BIT BIN CNTR....74ALS163 U16 
at 108221-0901 Ic, OCT D-TYFE F/F....74ALS273 57 
54 9 101433-001 I, OCT D-TYPE LCH....74ALS573 U9, 11,19,21, 24,25, 
24.25, 39 
nea enn oof Ic, HEX BFR,GPEN COL.74A_21035 U?t 
ae F = CONN, PCB STD EDGE, 3/6 alse & 
a7 4 GONN, FOE STG EDGE, 13/34 J123,124, (J125), 
124 127 
a 7 CONN, FCB STD EDGE, 31/42 J102-108 
ay of CONN, PCE STD EDGE, 40/50 A101 
AO 4 ASSY, IC,KYBD INTFC-M U7 
&1 4 ASSY, EPROM, MEM #2 CEVEN] © U1S 
‘Et ASSY, EFROM,MEM #1 CODDJ U15S 
a | 105445-001 ASSY, IC, PAL, D4-SADI.....16L0B Use 
64 1 108393-001 ASSY, IC,PAL,D4-SADOD....20R4A USES 
65 1 108394-001 ASSY, IC,PAL,D4-SCMDD....16L5B 31 
b& 1 ASSY, 1c, PAL, 04-SCPYD....14L5A 44a 
&7 4 ASSY, Ic, PAL, 04-SDEND....146L2A USz 
| IC, PAL, D4-SKEY...-- 14R4A U37 
| 10, PAL, D4-SMSC0....14R40 UGS 
cs ee! TH FAL, C4-3NCF..... 14L5A WWS2 
ol 8 To PAL, DS-SPPI..... L4LA LIAS 
“ES | 10, FAL, D4-SROMA.... 143A 27 
7% 1 IC, PAL, D4-STATB....20RGA USSG 
74 1 : SPARE IC LOCATION 14 FIN N30 
fa fl 190275-901 SW, REC RER DIF, Sos BWi 
7& 2 101276-004 FUSE, SUB i dane gil F1l,2 
7i 1 101170-Cd1l IC, @D NAND GATE. .» 74F0O U71 
e 1 LOL1S8-001 Ic, @D 2-INF AND GATE. .- 74F08 U73 
Te 4 LOAKSL-O21 Ic, TPL S-INF AND GATE. ..74F 11 WZ 
HO S 100527-001 IC, DL D-TYPE F/F.....+..74F74 U9, 79, 82-34 
Gl x 101156-001 Ic, QO O-TYFE F/F.... ».74F175 U65, 74,8? 
CD 1O14639-001 Ic, GD 2-1 0D SEL/MUXR. . . 74F257 U59 
an 4 1O1374-92 FERR! TE BEAL, wW/LEAL L2-3 
vores te = 30 He PIE, LEC au, PROS STR PGT W219 
oie i HOT, iow EY oPUb, STR a5 25 
my 4 HEA, LROw, SPOS, KEY "APS STR ALIS 
fig HOR RoW, 7POS,KEY SPOS, STR lal 
ee HOP PCB, aii ine TR SST (ERL), (ERZ) 
SQ 1 Th, DL uk P/F. nese eee 74HC109 U4 
os re Ti, GO GETED BFR. ...... 74HiLi 2h LW? 
20 mer BLB LE Ps CERI-L).tERL-2)), 


(ER1-3) , (ERZ-1) 
(ER2-2) , (ER2-3) 
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LIST OF MATERIALS REPORT © 


DATE? 12-22-1986 PAGE: 3 
D4 MOTHER BOARD SCHEMATIC Drawing No! 000559-000 Rev: Xx | 
Item @ty Part Number Description Ref Des 
PS 12 100254-001 DIODE, LED,RED DIFFUSED CR4 
G4 1 100132-001 IC, AND-OR-INVERT GATE..74L551 U2 
Pa «2 100131-001 It, @O GATED BFR.......74L$125 U47, 48 
Ye 1 100135-001 IC, 3-8 L DCDR/DMUXR...74LE139 U49 
o 1 100151-001 IC, QO U-TYPE F/F......74LS175 US 
a 105672-001 IC, QU BUS XCVR......5. 74LS243 U28 
99 & 100071-001 IZ, QCT BFR/L DRVR.....74LS244 U4,26,37,40,41,51 
100 & 100129-001 IC, OCT BUS XCVR.......74LS245 U3,8,10,17,18, 20, 
27,33 
1 IC, CNTR. sss ecccnsacess Z4LE590 US 
1 IC, MEM MAFFER....ce+s- 74LS612 USO 
4 HDR, FICK, YROW,SPOS,STR POST J10?-112 
t HIIR, 92ORGS,.1S6CTR, 04550 POST J117 
4 < SCET, IC,LO PF, 25F,.600 U1Z-15 
1 LGNC7 2-009 SCET, IC,LO FF,40F,.4600 U4Z 
4 LQQO77-O12 SCKT, IC,LO FF,40P,.¢600W,CLR U7 
1 LOSRPS-OGL1 SCKT, IC,6S FIN FGA Ué0 
{ 1046143-001 SCET, I0,132 PIN,PGA U76 
t 1OG224-001 IC, REG,SH,2%,50FFM/C......431 G1 


parts = JOG Tota 


}) hales = 3317 


LIST OF MATERIALS REPORT . DATE: 01-06-1987 PAGE: 1 
; D4-PAGE DRAM BOARD SCHEMATIC Drawing No? 000414- 000° Rev: A 


a a ee ee ee 
a a a re 


101240-001 


CAP, .1MFD,SOV, 20%, AXIAL,CER M 


C1-10, 12, 14-16, 18, 
20, 22-94 


2 100082-005 CAP, 10MFD, 146V, 20%, TANTALUM C11,13,17,19,21, 95- 
101 

3 1 100083-022 RES, 150 OHM, 1/4W,57%,CF R1 

4 1 100053-034 RES, 270 OHM, 1/4W,57%, CF R2 

S 4 190201-005 RNET, 4.7K 10 PIN SIP 9RES RPS, 7-9 
6 1 100201-001 RNET, 8.2K OHM,10 PIN SIP, 9RES RP& 

7 4 100203-001 RNET, 33 OHM,16PIN DIP,8RES RP1-4 

8 36 108021-001 IC, D-RAM,256K,100nS,FAST PAGE U31-46 

9 2 108022-001 IC, 10 BIT BUFFER......+.29827 U22,23 
10 1 000415-001 PCB, D4 PAGE DRAM BOARD PCB. 

11 1 101628-001 IC, QD 2-INP AND GATE. .74ALS08 U10 

12 2 101637-001 IC, DL D-TYPE F/F....+-74ALS74 U1,8 

13 2 101633-001 IC, OCT D-TYPE LCH....74ALS573 U6, 14 

14 1 108352-001 ASSY, IC,PAL,D4-RCTLA....146R8C U4 

is 1 108053-001 ASSY, IC,PAL,D4-RM32.....146L8C U7 

16 1 103054-001 ASSY, IC,PAL,D4-RRAS..... 16L8B 18 

17 1 101170-001 IC, QD NAND GATE......065 74F00 U25 

ie 2 101214-001 IC, HEX INV... seeee ievies T4FO4 9 

19 «3 101157-001 tC, QD 2-INP OR GATE..... 74F32 U3, 19,24 
20 «#1 100527-001 IS, DL D-TYPE F/F. 2.00240 74F74 U2 

21 3 101640-001 IC, QD 2-1 D SEL/MUXR...74F158 U15-17 
22 1 101156-001 IC, QD D-TYPE F/F.......74F175 U21 

23 2 108024-001 IC, OCTAL EQUAL CMP.....74F521 US, 13 
24 2 108023-001 IC, OCTAL LATCH...2-+c0.74F573 U11,12 
25 4 108015-001 IC, OCTAL PARITY XCVR...74F657 U26, 28-30 
26 1 1001846-010 HDR, PCB, 1ROW,9POS,STR POST E123 

27 2 108010-001 HDR, PCB, 2ROW, 40P0S, STR, BKAWY J301, 302 
28 3 1000281-001 JMPR, PCB,2 POS E1-3 

29 #1 101137-001 IC, 4-INP NAND GATE..... 74LS20 Y20 

sO (1 100091-001 IC, OCT BFR/L DRVR.....74LS244 U27 

Bl 1 PCB GOLD FINGERS P1O1 

32 3 100079-003 SCKT, IC,LO PF,146P,.300 67-102 
Total parts = 222 Total holes = 2109 
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D4 PAGE DRAM BOARD SCHEMATIC Drawing Not 000414-000 Rev: A 


PAGE: 1 


LV A ee ee ee ee 
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101637-001 
100527-001 
101157-001 
108352-001 
108024-001 
1014633-001 
108053-001 
101637-001 
101214-001 
101628-001 
108023-001 
108023-001 
108024-001 
101633-001 
101640-001 
101440-001 
101640-001 
108054-001 
101157-001 
101187-001 
101156-001 
108022-001 
108022-001 
101157-001 
101170-001 
108015-001 
100091-001 
108015-001 
10&015-001 
105015-001 
1038021-001 
108021-001 
108021-001 
108021-001 
108021-00i 
108021-001 
108021-001 
108021-001 
108021-001 
108021-001 
108021-001 
108021-001 
108021-001 
103021-001 
108021-001 
108021-001 
108021-001 
108021-001 
108021-001 
106021-001 
108021-001 
108021-001 
108021-001 
108021-001 
106021-001 


Tc. 
Ic, 
Ic, 


DL D-TYPE F/F......74ALS74 
OL D-TVPE F/F iss cinee FAFA 
QD 2-INP OR GATE.....74F32 


ASSY, IC,PAL,D4-RCTLA....16R8C 


Ic, 
IC, 


OCTAL EQUAL CMP.....74F521 
OCT D-TYPE LCH....74ALS573 


ASSY, IC,PAL,D4-RM32.....146L8C 


Ic, 
Ic, 
IC, 


Ic, 


D. D-TYPE P/F is ecns T4ALST4 
HEX INV. ws cncccncecee /4F04 
QD 2-INP AND SATE..74ALS08 
OCTAL LATCH.........74F572 
OCTAL LATCH.......55 74F573 


OCT D-TYPE LCH....74ALS573 
QD 2-1 D SEL/MUXR...74F158 
QD 2-1 D SEL/MUXR...74F15¢ 
QD 2-1 D SEL/MUXR...74F158 


ASSY, IC,PAL,D4-RRAS..... 16L8B 


Ic, 


Ic, 


Ic, 


@D 2—-INF OR GATE..... 74F32 
4-INP NAND GATE.....74LS20 
QD D-TYPE F/F.......74F175 
10 BIT BUFFER......++29827 
10 BIT BUFFER........29827 
@D 2-INP OR GATE.....74F32 
@D NAND GATE.........74F00 
OCTAL PARITY XCVR...74F657 
OCT BFR/L DRVR.....74LS244 
OCTAL PARITY XCVR...74F657 
OCTAL PARITY XCVR...74F657 
OCTAL PARITY XCVR...74F657 
D-RAM, 256K, 100nS,FAST PAGE 
D-RAM, 256K, 100nS,FAST PAGE 
D-RAM, 256K, 100nS,FAST PAGE 
D-RAM, 256K, 100nS,FAST PAGE 
D-RAM, 256K, 100nS,FAST PAGE 
D-RAM, 256K, 100nS,FAST PAGE 
D-RAM, 256K, 100nS, FAST PAGE 
D-RAM, 256K, 100nS,FAST PAGE 
D-RAM, 256K, 100nS,FAST PAGE 
D-RAM, 254K, 100nS,FAST PAGE 
D-RAM, 256K, 100nS,FAST PAGE 
D-RAM, 256K, 100nS, FAST PAGE 
D-RAM, 256K, 100nS,FAST PAGE 
D-RAM, 256K, 100nS, FAST PAGE 
D-RAM, 256K, 100n5,FAST PAGE 
D-RAM, 256K, 100nS,FAST PAGE 
D-RAM, 256K, 100nS, FAST PAGE 
D-RAM, 256K, 100nS,FAST PAGE 
D-RAM, 256K, 100nS, FAST PAGE 
D-RAM, 256K, 100nS,FAST PAGE 
D-RAM, 256K, 100nS,FAST PAGE 
D-RAM, 256K, 100nS, FAST PAGE 
D-RAM, 254K, 100nS, FAST PAGE 
D-RAM, 256K, 100nS,FAST PAGE 
D-RAM, 256K, 100nS,FAST PAGE 
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Item Qty Part Number Description Ref Des 
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE Uo 36 
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 87 
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U  =38 
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 539 
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 60 
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE Ub 
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE Us 62 
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE Us 63 
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 64 
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 65 
8 1 105021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 66 
cc | 100072-003 SCKT, IC,LO PF,16P,.300 U &7 
ge 1 100079-003 SCKT, IC,LO PF,16P,.300 U 68 
S21 100079-003 SCKT, I1C,LO PF,16P,.300 U 69 
32 1 100079-003 SCKT, I1C,LQ PF,16P,.300 U 70 
SZ 100079-003 SCKT, IC,LO PF,16F,.300 U i 
32 #1 100077-003 SCKT, IC,LO PF,16P,.300 YJ 72 
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 73 
32 1 100072-003 SCKT, IC,LO PF,16P,,.300 U 74 
32 1  100079-003 SCKT, IC,LO PF,16P,.300 U 75 
32 1 100079-003 SCKT, IC,LO PF,146P,.300 U 76 
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 77 
32 #1 100079-003 SCKT, IC,LO PF,16P,.300 U 78 
32 1 100079-003 SCKT, IC,LO PF,146P,.300 U 79 
32 i 100079-003 SCKT, IC,LO PF,146P,.300 U 80 
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 81 
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 82 
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 83 
32 1  100079-003 SCKT, IC,LG PF,146P,.300 U4 
3z 1 100079-003 SCKT, IC,LO PF,16PF,.300 U 85 
ca | 100079-003 SCKT, IC,LO PF,16P,.300 U 86 
32 1 100079-003 SCKT, IC,LO PF,146P,.300 U 87 
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 88 
32 #1 100079-003 SCKT, IC,LO PF,16P,.300 U 89 
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 90 
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 91 
32 #1 100079-003 SCKT, IC,LO PF,16P,.300 U 92 
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 93 
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 94 
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 9S 
32 1 100079-003 SCKT, IC,LO PF,146P,.300 U 96 
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 97 
3z 1 100079-002 SCKT, IC,LO PF,14P,.300 U 98 
ca 100079-002 SCKET, IC,LG PF,14F,.260 U 9? 
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 100 
32 1 100079-0023 SCKT, IC,LO PF,146F,.300 U 101 
32 #1 100079-003 SCKT, IC,LO PF,16P,.300 U 102 
7 1 =. 100203-001 RNET, 33 OHM,16PIN DIF,SRES RF 1 
7 1 100203-001 RNET, 33 OHM,146PIN DIP,S8RES RP 2 AB 
7 1 100203-001 RNET, 33 OHM,16PIN DIP,SRES RF 3 
7 1 100203-001 RNET, 33 OHM,16PIN DIP,8RES RP 4 ABiDEF GH 
S 1 100201-005 RNET, 4.7K 10 PIN SIP 9RES RP 5 
6 1 100201-001 RNET, 8.2K OHM,10 PIN SIP, 9RES RP 6 ABCDEFGHI 
S 1 100201-005 RNET, 4.7K 10 PIN SIP 9RES RP 7 
ts) 1 100201-005 RNET, 4.7K 10 PIN SIP 9RES RP 8 
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5 1  100201-005 RNET, 4.7K 10 PIN SIP 9RES RP 9 
3 1  100083-022 RES, 150 OHM, 1/4W,5%, CF R 1 
4 1  100083-034 RES, 270 OHM,1/4W,5%,CF R 2 
10 1 000415-001 . PCB, D4 PAGE DRAM BOARD PCB. 
31 1 PCB GOLD FINGERS P 101 
27 1 108010-001 HDR, PCB, 2ROW, 40P0S, STR, BKAWY J 301 
27. 1  108010-001 HDR, PCB, 2ROW, 40POS, STR, BKAWY J 302 
28 1 100081-001 JMPR, PCB,2 POS —E 1 
28 1  100081-001 JMPR, PCB,2 POS —E 2 
28 1 100081-001 JMPR, PCB,2 POS —E 3 
26 1 100186-010 HDR, PCB, 1ROW,9POS,STR POST E 123 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C 1 
1 1. 101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C2 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C3 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C 4 
1 1 101240-60i CAP, .1MFD,SOV,20%,AXIAL,CERM C5 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C 6 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C 7 
1 1  101240-001 CAP, .1MFI,SOV,20%,AXIAL,CERM C  & 
1 i  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C 9 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M C10 
2 1  100082-005 CAP, 10MFD,16V,20%, TANTALUM ¢ i 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C12 
2 1  100082-005 CAP, 10MFD,16V, 20%, TANTALUM c 13 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C14 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C15 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C16 
2 1  100082-005 CAP, 10MFD, 16V,20%, TANTALUM Gc #47 
1 1  101240-001 CAP, .1MFI,SOV,20%,AXIAL,CERM C18 
Z 1  100032-005 CAP, 1OMFD,16V,20%, TANTALUM ce a 
1 1  101240-001 CAF, .1MFD,50V,20%,AXIAL,CER MC 20 
2 1  100082-005 CAP, 10MFL, 16V,20%, TANTALUM Cc 2 
1 1  101240-001 CAP, .1MFD,SOV,20%,AXIAL,CER MC 22 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C23 
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C 24 
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER MC. 25 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C 26 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CER MC 27 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CER MC 28 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C29 
1 1 101240001 CAP, .1MFD,50V,20%,AXIAL,CER M C 30 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C31 
1 1  101240-001 CAP, .1MFD,S50V,20%,AXIAL,CERM C 22 
1 1 101240-001 CAP, .1MFL,50V,20%,AXIAL,CER MC 33 
1 1 101240-001 CAF, .1MFLI,SO0V,20%,AXIAL,CERM C 234 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CER MC 35 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C36 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CER MM C_— 37 
1 1  101240-001 CAP, .1MFD,5OV,20%,AXIAL,CERM C 3 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C39 
1 1  101240-001 CAP, .1MFD,SOV,20%,AXIAL,CER Mc 40 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CER MC 41 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C 42 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M C 43 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C 44 
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101240-001 
101240-001 

101240-001 
101240-001 

101240-001 
101240-001 

101240-001 
101240-001 

101240-001 
101240-001 

101240-001 
101240-001 

101240-001 
101240-001 

101240-001 
101240-001 

101240-001 
101240-001 

101240-001 
101240-001 

101240-001 
101240-001 

101240-001 
101240-001 

101240-001 
101240-001 

101240-001 
101240-001 

101240-001 
101240-001 

101240-001 
101240-001 
101240-001 
101240-001 
101240-001 
101240-001 
101240-001 
101240-001 
101240-001 
101240-001 
101240-001 
101240-001 
101240-001 
101240-001 
101240-001 
101240-001 
101240-001 
101240-001 
101240-001 
101240-001 
100032-005 
100082-005 
100032-005 
100082-005 
100082-005 


CAP, 
CAP, 
CAP, 


CAP, 
CAP, 
CAP, 
CAP, 
CAP, 


CAP, 
CAP, 


CAP, 


. 1MFD, 50V, 20%, AXIAL, CER 
. IMFD, SOV, 20%, AXIAL, CER 
» 1MFD, 50V, 20%, AXIAL, CER 
. 1MFD, 5OV, 20%, AXIAL, CER 
. IMFD, SOV, 20%, AXIAL, CER 
. IMFD, 50V, 20%, AXIAL, CER 
. 1MFD, SOV, 20%, AXIAL, CER 
. IMFD, 50V, 20%, AXIAL, CER 
. 1MFD, SOV, 20%, AXIAL, CER 
. 1MFD, 50V, 20%, AXIAL, CER 
. 1MFD, 50V, 20%, AXIAL, CER 
. 1MFD, SOV, 20%, AXIAL, CER 
. 1MFD, 50V, 20%, AXIAL, CER 
. 1MFD, 50V, 20%, AXIAL, CER 
. 1MFD, 50V, 20%, AXIAL, CER 
. IMFD, 50V, 20%, AXIAL, CER 
. IMF, SOV, 20%, AXIAL, CER 
. 1MFD, 50V, 20%, AXIAL, CER 
. 1MFD, SOV, 20%, AXIAL, CER 
. 1MFD, 50V, 20%, AXIAL, CER 
. IMFD, SOV, 20%, AXIAL, CER 
. IMFD, 50V, 20%, AXIAL, CER 
. 1MFD,50V, 20%, AXIAL, CER 
. 1MFD,50V, 20%, AXIAL, CER 
. IMFD, 50V, 20%, AXIAL, CER 
. 1MFD, 50V, 20%, AXIAL, CER 
. 1MFD, 50V, 20%, AXIAL, CER 
. 1MFD, 50V, 20%, AXIAL, CER 
. 1MFD, 50V, 20%, AXIAL, CER 
. 1MFD, SOV, 20%, AXIAL, CER 
.1MFL,50V, 20%, AXIAL, CER 
. 1MFD, SOV, 20%, AXIAL, CER 
. 1MFD, SOV, 20%, AXIAL, CER 
. IMFD, 50V, 20%, AXIAL, CER 
. 1MFD, 50V, 20%, AXIAL, CER 
. 1MFD, SOV, 20%, AXIAL, CER 
. IMFD, 50V, 20%, AXIAL, CER 
. IMFD, SOV, 20%, AXIAL, CER 
. IMFD, 50V, 20%, AXIAL, CER 
. IMFD, 50V, 20%, AXIAL, CER 
. IMFD,50V, 20%, AXIAL, CER 
. IMFD, 50V, 20%, AXIAL, CER 
. IMFD, 50V, 20%, AXIAL, CER 
 1MFD, SOV, 20%, AXIAL, CER 
. IMF, 50V, 20%, AXIAL, CER 
. IMFD, SOV, 20%, AXIAL, CER 
. 1MFD, 50V, 20%, AXIAL, CER 
. 1MFD, 50V, 20%, AXIAL, CER 
. 1MFD, 50V, 20%, AXIAL, CER 
. 1MFD, SOV, 20%, AXIAL, CER 
10MFD, 16V, 20%, TANTALUM 

10MFD, 16V, 20%, TANTALUM 

1OMFD, 16V, 20%, TANTALUM 

10MFD, 16V, 20%, TANTALUM 

10MFD, 16V, 20%, TANTALUM 
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Item Qty Part Number Description Ref Des 
2 #1 100082-005 CAP, 1OMFD,16V, 20%, TANTALUM C 100 
2 1 100082-005 CAP, 10MFD,16V,20%, TANTALUM C 101 


Total parts = 222 Total holes = 2109 
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D3PE (80386) PROCESSOR BOARD CIRCUIT DESCRIPTIONS 
DIFFERENCES FROM ORIGINAL D4 PROCESSOR: 
one addition of an 80387 coprocessor socket 
wee addition of a 80287/80387 selection switch 


one addition of a keyboard processor enhancement PAL 


wine bus timing changes to improve compatibility 

eae DESIGN ASSUMPTIONS: 

rae 80386, 80387 or 80287 processor combination. 

wee 16mHz 80386 processor clock. 

= 16mHzZ 80387 numeric coprocessor clock. 

wee 4mHz (compatible) or 8mHz 80287 coprocessor clock. 

eae 8mHz 286 compatible expansion bus. 

wee 4.00 mhz DMA subsystem clock. 

He Standard RAM accesses are 32 bit when CPU requests. 

— Seven bus slots have a compatible edge connector which can be 


used by standard IBM-PC peripherals. 


oe Four bus slots have a second connector which will allow 
specially designed peripherals to access additional address lines and 
the rest of the 16 bit data bus. In addition several more interrupt 
and DMA request lines will be available. This connector {is Deskpro 
286 compatible. 


raf 15 Interrupt request lines. 

balsas Total of 7 DMA request lfnes (3 word channels and 4 byte 
channels). 

baad System bus runs a refresh cycle 256 times in 4 milliseconds. 
al as Special cards with a second bus connector will be able to do 


16 bit memory or I/O operations by asserting a specific line and 
working with the eight additional data signals. 


28 All software addresses are to be compatible with IBM PC-AT. 


a ase Variable system speed control via software. 
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HARDWARE DIFFERENCES FROM IBM PCAT (Includes MEMORY Board) 


BH All RAM is located on an expansion board. This uses one slot 
that is not used in the PCAT. Parity checking on the memory is done 
as though {ft was a standard expansion board memory, a parity error 
shows up as an I/O check (parity check 2) with a testable bit on port 
6lh bit 6 to indicate the error. Port 61h bit 7 {s used for an 
additional timer interrupt fnput. Port 61h bit 2 output (used to 
control the parity check on the PCAT) {s used to enable the additional 
timer to the NMI processor input. 

wee The memory size of the main system {is not testable by the 
software. On the IBM PCAT, the 8042 pin 31 was connected to the 
motherboard 256/512k byte jumper to allow testing the memory 
configuration. On the D4-Motherboard, this bit !s connected to a 
configuarable jumper. 


da The ROM configuration allows for four ROMs. Standard decoding 
sets these up as two banks of 32k words (16 bits), or 64k bytes, with 
each pair of ROMs split into evenly addressed bytes {n cne ROM, and 
odd addressed bytes in the other. The standard ROMs (in the high 
bank) will be 2 x 16k bytes, however, decoded such that they wil] 
appear twice in the 64kbyte space. The PCAT uses two 32k ROMs to 
completely fill the 64k space. 


wee The keyboard processor (8042) input clock {8s connected to a 
7.1591 Mhz reference source. The clock reference for the 8042 on the 
PCAT is connected to a 6MHZ reference. The keyboard processor has 
been enhanced by the addition of a PAL which intercepts and interprets 
the A290 control sequence much more rapidly than the 8042 could. 


haan Processor clock speed will be full time very fast (16mHz). 
The execution speed is greater than that of the 286 products. 
Programs requiring a specific speed may not work. 


bala The 80386 CPU does not respond to certain opcodes fin the same 
way that the 80286 does. Programs using these opcodes may not work. 


Ree The bus clock is not always at 8mkz. It is re-synchronized 
with the CPU for each bus cycle to simulate the timing of a 286 
product. 


ee The NMI mask register for Parity Check 1 is changed to 
allow/disallow interrupts from a spectal additional timer to be used 
for watchdog purposes. 


wee There {is an additional timer to be used for watchdog purposes 
in software. The address for this timer is located in one of the 
"PHANTOM" spaces for the original system timer. 


= 
ee ee 


| 
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The system refresh counter has been extended to 10 bits. Also the 
bottom two bits are copted from address lines 0 and 1 to 8 and 9. 
This simplifies the interface of megabit DRAMs and the 32 bit memory - 
board. _ 
mie References to the 32 bit memory board do not appear on the 
compatible expansfon bus. This will prevent the operation of hardware 
debugging aids developed for the 80286 products. 


nee The 80287 coprocessor {nterface to the main processor {s 
different. Some of the pins defined in the INTEL 80287 specification 
are not connected as specified. Only recent 80287 revisions will] work 


properly. Any other "strange" hardware devices that connect to the 
80287 socket may not work. 


ee The 80387 coprocessor is slightly different than the 80287. 
Also the software reset control of the 80387 {!s not connected. 


HARDWARE INCOMPATIBILITIES WITH DESKPRO 286 


aloe Most of the above {ncompatibilftfes apply to comparisons with 
the DESKPRO 286. 


aaa Speed switching by jumper or software is supported 
differently. The 8042 speed control bits are connected differently 
and are used only to disable the speed circuit entirely. 
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‘The majority of this document assumes a workin 
g knowledge of 
standard digital logic techniques and Parts, and an under seandiine of 
the 80386 Processor IC in particular. The following documents contain 
information necessary to under stand this design in detail: 


INTEL 80386 hardware reference manual 
INTEL 8237 data sheet 

INTEL 8254 data sheet 

INTEL 8259 data sheet 

Motorola MC1!146818 CMOS Clock data sheet 


SYSTEM CLOCK CIRCUITS 


The system clocks are seperated {nto three sections. One is 
the CPU clock (32mHz) for the 80386 and {it’s associated circuits. 
Another is the 24mHz clock which is used for the numeric coprocessor. 
The third is the 14.31818mHz clock which provides software compatible 
system timing functions, a fixed frequency signal on the expansion 
bus, and the 8042 keyboard processor clock reference. 


32mHz 80386/80387 CLOCK 


The CPU clock is provided by a crystal oscillator, CMOS buffer 
IC (74HC125), and an F74 flip-flop. There are three outputs from 
these circuits, a 32mHz2 processor clock, a 16mHz reference clock 
(CLK16, CLK16*) (which has the same phase as the internal CPU clock), 
and reset signals which meets the setup and hold time requirements for 
the 80386 and 80387. The 80386 and 80387 reset signals are always 
adjusted to the 16mH2z clock so that the phase is property matched to 
the internal CPU clock. 

For test purposes, the 32mHz crystal oscillator can be stopped 
and replaced by an external source by pulling the signal TST32 high 
(there is a 180 ohm pulldown keeping it low) and driving the processor 
clocks directly with an external frequency source. 

The 32mHz clock and the CLK16* signal are provided to the 32 
bit memory board for use in state machines synchronized to the CPU. 

The signal BCLK is an (approximately) divide by two from 
CLK16*. This division take piace in the bus state machine PAL D4-STAT 
where the clock is also re-synchronized to the CPU on each bus cycle. 
It is this adjusting that leads to the "approximate” part of the 
divide by two function. The average frequency will be somewhat less 
than 8mHz. Transitions of BCLK occur on rising edges of CLKI6*. 

The clock for the DMA subsystem is generated from the rising 
edge of the BCLK clock by toggling a 74LS74 flip-flop. The outputs 
(DCLK, DCLK*) will therefore have a frequency of one half that of 
BCLK. 
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24mH2z 80287 CLOCK 


The clock source for the 80287 is developed from a 24mHz 
crystal oscillator. The 24mHz frequency (CLK24) its divided down in a 
single 74HC109 to provide either 12mHz or 8mHz for use by the numeric 
coprocessor (80287). The 12mHz frequency {ts divided again inside an 
80287-3 to provide a 4mHz operating frequency. The 8mHz has the 
required 33% duty cycle for direct use by an 80287-8 giving an 
operating frequency of 8mHz. The choice of frequencies is provided by 
switch SW1-3. Switch OFF selects 8mHz (80287-8), switch ON selects 
4mHz (80287-3). 

The only way of disabling the 24mHz clock for testing is to 
overdrive it’s output. 


14.31818mHz CLOCK 


The specific time dependent clocks in the system are generated 
by a crystal oscillator at a frequency of 14.31818 MHz which generates 
the signal OSC. 

The only way of disabling the OSC clock for testing is to 
overdrive it’s output. 

The OSC signal 1s provided to the system bus for compatibility 
with past products. The OSC signal is also divided by two by the PCLK 
flip-flop to provide a stable and unchanging frequency source (7.1591 
MHz) to the keyboard processor (8042). The PCLK signal is in turn 
divided by s!{x to provide a timing reference for the system timer 
(TIMCLK). This frequency is 1.19318 MHz and is compatible with the 
previous products for timing and speaker purposes. 

The divide by six is done with a synchronous counter which 
cycles through the counts of 1] through 6 and Dack again. The counter 
is not specifically reset on powerup but will always cycle into the 
legal count sequence within seven clocks. 
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SYSTEM (EXPANSION) BUS 
CPU ADDRESS HANDLING 


The following information {s applicable to nearly all the 
cycle types. When the CPU begins a bus cycle, {ft begins by placing an 
address and status on it’s bus. This address wil] usually come out 
even while the previous cycle is still in Progress. Since most 
devices expect to see a valid address for the duration of a bus cycle, 
{t is necessary to latch the address seen by the system bus. System 
bus lines that contain the latched address are SA<19:0>. Since some 
devices (notably high speed memory) are already short on time to do 
their thing, they would like to overlap some of their operations (like 
address decode) with others. To allow this, the system bus also 
provides a set of address lines LA<23:17> which are not latched but 
which can provide a greater setup time to do decoding. The typical 
usage of these lines is to do the address decoding whenever the 
address changes, and then latch the decoded outputs. 

To provide the unlatched addresses, the board contains buffer 
ICs which are connected to the CPU’s PA<23:17> address lines and 
provide LA<¢23:17> as an output. 

To provide the latched addresses, the board contains latch ICs 
which are connected to the CPU’s PA<19:2> and provide SA<19:2> as an 
output. These latches are of the fallthrough type so that when the 
address latch enable signal (ALE) goes active the address appears at 
the output. When ALE goes inactive, the addresses will stay on the 
outputs until the next bus cycle begins. 

The address lines SAO and SAI are handied a differently. The 
CPU indicates which bytes are to be accessed out of the 32 bit dword 
by the status lines BE3* to BEO* or Bus Enable three through zero. 

The system bus conversion state machine takes these status lines and 
the current bus state and sequences to the appropriate bus state. The 
output of this state machine are the address lines SAQ, SAl and BHE®. 

The signal BHE* is used on the system bus to indicate that the 
high half of the 16 bit data bus contains valid data. 

These signals (SAO, SAl and BHE*) are changed at the rising 
edge of ALE so that their timing is very similar to the other SA<19:2)> 
address lines. 

All of the address outputs listed above are disabled when the 
CPU responds to a hold request (BHLDA) so that another device can 
control the address bus. When this occurs, the address lines are fed 
back to the CPU bus (PA<¢23:2> and BE<3:0>) so that the 32 bit memory 
board can recieve the address data from that other device. The feed 
back operation occurs from the SA<16:0> and the LA<23:17> lines 
through buffers and a PAL (D4-SADI) for SAO, SAI and BHE*. 

CPU address line PA20O is handled a J)ittle differently. 

Because of software compatiblity considerations (with 8088 products) 
it is sometimes necessary to restrict program access to the bottom 
megabyte of memory. This is done by disconnecting the PA20 line from 
the bus and forceing a low in it’s place (by means of a 74F257). This 
is controlled by the line LOWA20 from the keyboard controller system. 
To equalize the delay with the other address tines, the output of the 
74F257 is used to directly drive the LA20 line instead of being 
buffered again by a 74LS245. 
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CPU DATA HANDLING 


The CPU dats bus is buffered from the rest of the system by 
four bidirectional buffer ICs and four latches. On the CPU side of 
the bus, the 80386 and 80287 are connected together to PD<15:0>. The 
four ICs buffer the separate bytes of the data bus PD<31:0> to 
SD<15:0>. The latches are used to hold read data for the CPU during 
seperate read cycles on the system bus when the CPU attempts to read a 
bigger chunk than the system bus allows. 

The data path also contains a bidirectional buffer between the 
high and low half of the bus to enable routing of the data from high 
half to low during high writes and routing of the data from low to 
high half during high reads of the eight bit bus. This function Is 
controlled by the CPYEN* and CPYHL* lines. CPYEN* enables the buffer, 
CPYHL* controlls the direction according to the type of cycle (active 
for CPU writes or DMA reads). 

The last {item in the data path is a buffer for the processor 
board 1/0 devices. This buffer is normally active in the "TO" 
direction to the I/O devices and switches to the "FROM" direction when 
an I/O read occurs to these devices (controlled by CIORD*). This 
buffer is disabled when DMA operations occur to allow the bus to be 
used by the DMA controllers for address latching. 

The folowing table shows the bus conversion from the CPUs 
BE<3:0> lines to the address lines and the data buffers that are 
enabled for each conversion. 

Note that in the following table the "X8" term means that the 
system bus has indicated the cycle should be 8 bits. The "BEx*" lines 
ere negative true bus enables from the CPU. The SAl and SAO lines are 
positive true and BHE* is negative true. The BENx* lines enable the 
data buffers to the bus and the latching function from the bus, they 
are negative true. The CPYEN* line enables the copy buffer from the 
SD<7:0> to S$D<15:8>, the CPYHL* line is also enabled when reading 
(high to low copy). The LAST CYCLE term is used to indicate the last 
cycle In a group of cycles from one CPU status, it tells the state 
machine to send the CPU the READY* signal. 
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/ cane adaiemmmaememntmeceaie access ee ie 
' -BEx® SA LAST BENx* | ; 
}X8 3210 10 BHE CYCLE 3210 CPYEN* 
+ LLL SS SS ke SS SS Se eae ew me Se cee ee me ea me we oe oe os ee ee 

Sapna meesaeie + 
xX 1110 00 1 1 1110 1 LOW BYTE ON 8 OR 16 BUS: 
' . 1] 
$1 1101 010 1 1101 0 HIGH BYTE ON 8 BUS 
‘ t 
$0 1101 O10 4 1101 1 HIGH BYTE ON 16 BUS | 
ry i] 
1X 1011 10 1 t 1011 1 LOW BYTE ON 8 OR 16 Bus! 
4 ! 
; 101k ito 1 0111 0 HIGH BYTE ON 8 BUS 
i t 
'Oolll 110 1 0111 1 HIGH BYTE ON 16 BUS! 
! t 
' 01100 000 1100 1 WORD ON 16 BUS 
WORD ON 8 BUS: 
' 11100 000 oO 1100 1 LOW BYTE 
11100 010 1 1101 O HIGH BYTE 
2 SPLIT BYTES ON 16 BUS: ! 
' 01001 010 #0 1101 1 LOW WORD HIGH BYTE 
' 01001 101 1 1011. 1 HIGH WORD LOW BYTE 
2 SPLIT BYTES ON 8 BUS: ! 
+ 11001 C10  O 1101 0 LOW WORD HIGH BYTE 
' 11001 101 1 1011. 1 HIGH WORD LOW BYTE 
, ! 
i] t 
' 0 0011 100 1 0011 1 WORD ON 16 BUS 
WORD ON 8 BUS: 
' 10011 100 O 0011 1. LOW BYTE 
' 10011 110 1 0115 0 HIGH BYTE 
' 3 BYTE ON 16 BUS: ' 
‘9 1000 000 O 1100 1. LOW WORD 
' 0 1000 10 1 1 1011 1 HIGH WORD LOW BYTE 
3 BYTE ON 8 BUS: 
' 11000 000 O 1100 1 LOW WORD LOW BYTE 
- 11000 010  O 1101 O LOW WORD HIGH BYTE 
' 11000 10 1 1 1011. 1 HIGH WORD LOW BYTE 
3 BYTE ON 16 BUS: 
' 9 0001 010 OO 1101 1 LOW WORD HIGH BYTE 
' 00001 100 1 0011 1 HIGH WORD 
3 BYTE ON 8 BUS: 
! 10001 010 O 1101 0 LOW WORD HIGH BYTE 
! 10001 100 © 0011 1 HIGH WORD LOW BYTE 
' 10001 110 1 111 O HIGH WORD HIGH BYTE 
4 BYTE ON 16 BUS: 
' 9 0000 000 oO 1100 1 LOW WORD 
‘00000 100 1 0011 1 HIGH WORD 
4 BYTE ON 8 BUS: 
' 10000 000 oO 1100 1 LOW WORD LOW BYTE 
: 10000 010 °+#O 1101 0 LOW WORD HIGH BYTE 
' 10000 100 © 0011 1 HIGH WORD LOW BYTE 
' 1 0000 11 0 1 O111 O HIGH WORD HIGH BYTE 
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PROCESSOR BOARD CPU COMMAND/CYCLE TYPES 


The command cycles generated by the bus contr 
listed below. The number of 62.5nsec clocks is ee 
state cycle, normal cycle, and 1 wait state cycle for each of the 
command types. Both the total cycle time and the command active (on) 
time are given. For cycles with more than one bus wait state, each 
wait state adds two additional 62.5nsec clock cycles. The 32 bit 
memory board {fs documented seperately. 


+ 
H No-wait Norma | I-wait ! 
' cycle:on cyclez:on cycleton ! 
|} CPU MEM READ 16 BUS 4:2 6:4 8:6 H 
} CPU MEM READ 8 BUS 6:3 12:9 14:11 : 
; CPU MEM WRITE 16 BUS 4:2 6:4 8:6 H 
; CPU MEM WRITE 8 BUS 6:3 12:9 14:11 } 
; CPU I/O READ 16 BUS 6:3 6:3 8:5 ' 
} CPU 1/0 READ 8 BUS 6:3 12:9 14:11 H 
;} CPU I/O WRITE 16 BUS 63:3 6:3 8:5 ; 
' CPU I/O WRITE 8 BUS 6:3 12:9 14:11 : 
| CPU INTA READ n/a 12:9 n/a : 
} CPU HALT n/a 6:4 n/a H 
' CPU SHUTDOWN n/a 6:4 n/a : 
+--------~—--------------- - - - - - - - - - + + 
If the CPU status indicates more than one bus cycle will be 
required for a single CPU access, then the bus state machine will run 


the necessary number of bus cycles (duration {ndicated above) to 
complete the CPU access. For example, if the CPU status {ndicates a 
double-werd memory read from the 8 bit bus, then the total cycles for 
the access would be 4"12=48, 62.5 nsec cycles (assuming normal 
cycles). 


CPU ACCESS TO SYSTEM (8/16) BUS 


For the following discussion, it should be noted thet the CPU 
is normally held in the NOT READY state, READY* only goes active (low) 
when a cycle is quaranteed to be finished. Also, the CPU next address 
(NA*) line is normally inactive, requireing the logic to specifically 
tell the CPU when it is ok to send the next address. 

The cycle begins when the 80386 activates ADS* and presents 
the status lines. The address {s decoded by the 32 bit memory board 
(if present) and the signal M32" {s produced. The system board 
decodes the status lines from the processor and the M32* line to 
produce the signal MYCYC*. This signal is produced whenever the 
decoded cycle indicates that the system board should handle it. The 
signal is NOT active when accesses to 32 bit memory or the 80387 
coprocessor are taking place. The signal is active when 16 or 8 bit 
memory, I/O, Halt, Shutdown, Interrupt acknowledges, or 80287 accesses 
are taking place. 
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MYCYC* {s then sampled by the D4-STAT PAL on the rising edge 
of CLK16* (the bus clock). Until further notice all clocks referred - 
to are CLKI6* clocks. When the PAL clocks in MYCYC* it generates the 
signal ALE". The PAL code {s set up to allow ALE* to be active only 
for a single cycle. What follows next is the propagation of the ALE* 
pulse through 4 series of flip-flops arranged in a configurable shift 
register. The general method is to bypass parts of the shift register 
to shorten the total bus cycle time depending on the type of bus cycle 
to be executed. 

The rising edge of ALE latches the address and status for 
later use and does the SAl, SAO, BHE* generation. The signal BCLK 
will be forced to a low during ALE by the D4-STAT PAL to fnsure the 
compatibilfty with previous products. 


The next stage fs TOO. It 1s always generated. If the 
command being generated {s a !6 bit memory command, as signified by 
LM-IO and M16*, then the signal CMD* will also be set active at this 


time. CMD* is combined with the decoded status to generate the signal 
MRDC* or MWTC*. If this is the last cycle in a set, (either 
guaranteed by the state or because the bus size is known by M16* and a 
memory cycle) then the D4-SADO PAL wil! set the signal CLSTD* active 
at this time. CLSTD* will be discussed later. 

The next stage is TOl. It is always generated. If the 
command being generated is not a 16 bit memory command, as signified 
by LM-IO and M16*, then the signal CMD* will also be set active at 
this time. CMD* {s combined with the decoded status to generate the 
signal IORC*, IOWC*, or INTA*. If this fs the last cycle in a set, 
(because the bus size is known by I1016* and an I/O cycle) then the 
D4-SADO PAL will set the signal CLSTD* active at this time. If this 
{fs a 16 bit memory cycle, and the NOWS* sfgnal was received during TOO 
(LNOWS* active), then the signal BRDY* will be generated next to 
terminate the cycle and no other stages will be activated. 

The next stage is T10. It is always generated. If the cycle 
is a 16 bit memory cycle, then the T40 stage will also be activated at 
this time. In this case, the T10 and T1ll states will be ignored for 
the remainder of the 16 bit memory cycle. 

The next stage is Tll. It will always be generated. If the 
cycle is a 16 bit I/O cycle, then T41 will also occur at the same time 
as Tll. If this fs an 8 bit cycle, and the NOWS* signal was received 
earlier (LNOWS* active), then the signal BRDY* will be generated rext 
to terminate the cycle and no other stages will be activated. 
Otherwise, stages T20, T2!, T30 and T31 wil) follow if the cycle is an 
eight bit bus cycle as signalled by CX16* inactive. 

The next stage {ts T40. This stage is entered either from T31 
during an efght bit cycle, or TO! if a 16 bit memory cycle or a cycle 
that does not depend on the CX16* status occurs. This stage is 
skipped if the LNOWS* line {fs found active. 


The next stage is T41. This is entered only from T40 (the 
normal case) or T10 (if a 16 bit IT/O cycle jis in progress). if the 
signal WAIT* jis active at the end of T4i, then T4i wil) be restarted, 


holding the bus in a wait state. Since the WAIT* signal is developed 
by sampling the BUSRDY* going high only every BCLK rising edge, wait 
states will come in increments of two clock cycles. When WAIT" goes 
inactive, the signal BRDY* will be generated to terminate the cycle. 
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At the same time as the cycle {s being terminated ({BRDY* {5 
set active) then several things can happen. If this ts not the last 
cycle in the set (CLAST* inactive), then TSO* is set active by the 
D4-STAT PAL to start another cycle. If this is the last cycle in the 
set (CLAST* active) and another cycle {fs pending (MYCYC* {fs active), 
then TSO* fs set active by the D4-STAT PAL to start another cycle. If 
no more cycles are to be run for the moment, then the bus state 
machine will remain idle waiting for another cycle. 

TSO* is used to provide an adequate address setup between 
cycles {n a group or between groups when the CPU pipelines the next 
cycle. After TSO* the ALE state will be entered for the next cycle. 


The signal CMD* (which is used to enable one of MRDC*, MWTC*, 
IORC*, IOWC*, or INTA*) is started at the beginning of TOO or TO! as 
discussed above. It will end at the end of the basic bus cycle (when 
BRDY* or TSO goes active). 

The signal WDEN* is used for enableing the various data 


buffers during write cycles. It goes active at the same time as ALE 
and goes f{nactive one cycle after CMD* goes inactive. In the case of 
back to back cycles, WDEN® will therefor remain active until after the 
last CMD*. 


The signal BRDY* from the D4-STAT PAL signals the end of a set 
of bus cycles to the CPU. 

The signal CLSTD* (which goes active for one CLKI6* cycle to 
{Indicate that the last cycle of a set {s in progress) also generates 
the CLAST* signal internal to the D4-SADO PAL. CLAST* {s used by the 
D4-SADO PAL to do the conversion from BE<3:0> to SA!1, SAO, and BHE*. 
CLAST* {is also used to tell the state machine that no more cycle are 
{in the set. At the rising edge of ALE, CLAST" {is set to the fnactive 
state In preparation for the next CPU access. 

The signal CLSTD* {s also used to generate NAB* (next address 
from bus) which signals the CPU that fit is all right to put a new 
address and status onto the CPU bus. Since NAB* jis sampled at the 
beginning of phase 2 of a CPU clock cycle, it is synchronized to the 
rising edge of CLK32 at the rising edge of CLK16* by the D4-SMSCD PAL. 
This assures a setup time to the CPU for NA*. 

The signal CX16* {fs used to signal the presence of a 16 bit 
memory or 1/0 cycle. It is set active during TOO for memory cycles if 
M16* is active. It is also set active during T10 for 1/0 cycles if 
1TO16* {s active. It is set inactive at ALE in preperation for the 
next cycle. This signal is used to control the bus address conversion 
for the 8 or 16 bit bus and to adjust the timing of the expansion bus 
for 16 bit operations. 

The signal LOE* (Latch Output Enable) is generated during read 
cycles from the 8/16 bus to enable the data stored in the data latches 
to the CPU data bus. LOE* jis first set active on the CLKI6* edge 
following ALE in the D4-SMSCD PAL and is set inactive on the CLK16* 
edge following the signal BRDY* active. When LOE* goes inactive, it 
has 31.25nsec from the edge of CLK32 to disable the latch output 
buffers before the CPU may begin driving the bus again. The total 
delay to disable the latches is calculated below. 
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Data Latches off the CPU data bus 
CLK32 cycle time 
ZPC32 to PCLK32 delay 
CLK32 to ZCK16* {in F74 
ZCK16* to LOE* {fn PAL 
LOE* to disable {n ALS573 
MARGIN RHR HHH ee 


The following are some timing checks 
the CPU. 


NA* setup during bus cycles 
CLK32 cycle time 
ZPC32 to PCLK32 delay 
CLK32 to ZCKP16* in F74 
ZCK16* to NAB* in PAL 
NAB* to NA* {n FO8 
386 NA* setup time 
MARGIN RMRNRMRHH HHH HR 


READY* setup during bus cycles 
CLK16* cycle time 
ZPC32 to PCLK32 delay 
CLK32 to CLK16* in F74 
CLK16* to BRDY* jin PAL 

--BRDY* to READY* in FO8 

386 READY* setup time 
MARGIN Co ed 


January 05, 1987 


of the critical 


page 12 


setup times to 
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STATE SEQUENCES FOR TYPICAL CYCLES. 


The "cmd" {s the time that the command (MRDC, IOWC, etc) is 
valid. The "NA" is the time when CLASTD* {s set active. The "done" 
ts when BRDY* {is set active. TSx {s elther the next TSO state (if 
“another cycle {s pending, or an idle cycle (as far as the bus state 
machine §s concerned). Each state lasts 62.5 nsec. 


+ NO WAIT STATE 16 BIT MEMORY 

| TSO ALE TOO TO! TSx 

H cmd cmd 

H NA done 

+ NORMAL WAIT STATE 16 BIT MEMORY 

: TSO ALE TOO TO! T40 T41 TSx 

' cmd cmd cmd cmd 

' NA done 

| NORMAL WAIT STATE 16 BIT I/O or NO WAIT STATE 16 BIT I/O 
: TSO ALE TOO TO1 T40 T41 TSx : 
H cmd cmd cmd 

| NA done 

1 EXTRA WAIT STATE 16 BIT MEMORY 

| TSO ALE’ TOO TO1 T40 T41 T41 T41 TSx 

} cmd cmd cmd cmd cmd cmd 

J NA done 

| EXTRA WAIT STATE 16 BIT 1/0 

! TSO ALE TOO TO} T40 T41 T41 T41 TSx 

i cmd cmd cmd cmd cmd 

; NA done 

} NO WAIT STATE 8 BIT MEMORY or 1/0 

' TSO ALE TOO TOl1 T40 T41 TSx 

H cmd cmd cmd 

H NA done 

' NORMAL WAIT STATE 8 BIT MEMORY or I/0 

‘ TSO ALE TOO TO1 T10 T11 T20 T21 T30 T31 T40 T41 TSx 

I cmd cmd cmd cmd cmd cmd cmd cmd cma 

H NA done 

| EXTRA WAIT STATE 8 BIT MEMORY or 1/0 

' TSO ALE TOO TOl T10 T1l1l T20 T21 T30 T31 T40 T41 T41 T41 TSx 
H cmd cmd cmd cmd cmd cmd cmd cmd cmd cmd cmu 

{ NA done 


Cie wn Re Se Ne Se oe NS ae a nen aw Se SS eee Se ee ee eee ee coe ee me ee aeee eee 
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BUSRDY, NOWS*, M16" and I016* requirements. 


(BUSRDY) This signal is used to add additional wait states to 
a bus cycle. -If. a 16 bit device wants to add an additional wait 
state, then it must pull the BUSRDY low (inactive) by the end of the 
third CLK16 cycle after the falling edge of ALE. To add only one wait 
state, BUSRDY must return to the high state during the fourth CLKI6 
cycle after the falling edge of ALE. If an 8 bit device wants to add 
an additional wait state, then {it must pull the BUSRDY low (inactive) 
by the end of the ninth CLKI6 cycle after the falling edge of ALE. To 
add only one wait state, BUSRDY must return to the high state during 
the tenth CLKI16 cycle after the falling edge of ALE. The decode logic 
to drive BUSRDY should use the device address and MRDC*, MWTC*, IORC®* 
or IOWC* as inputs. Synchronous peripherals usually use the falling 
edge of BCLK as the time to change the state of BUSRDY. 

(NOWS*) This signal is used to shorten the standard bus 
cycles. If a 16 bit memory device wants to prevent the standard wait 
state then it must pull the NOWS* line low (active) within one CLKI6 
time from the falling edge of ALE. (Note that this fis not possible on 
16 bit 1/0 cycles because it {is not known that ean 1/0 cycle exists 
until the required time). If an 8 bit device wants to prevent the 
standard wait states then {ft must pull the NOWS* line low (active) 
within two CLKI6 times from the falling edge of the command. The 
decode logic to drive NOWS* should use the device address and MRDC*, 
MWTC*, IORC* or IOWC* as inputs. If less than the four standard wait 
states normally used on 8 bit bus cycles fs desired, then the NOWS* 
line can be used to provide 1, 2, or 3 wait states by delaying the 
activation of NOWS*. The NOWS* line jis sampled at approximately the 
falling edge of BCLK. 

(M16*) This signal is used to {indicate that the current 
address on the LA<¢23:17> lines is covered by a 16 bit memory 
peripheral. The system board will only use this signal if the current 
cycle is a memory cycle. The addressed peripheral on the bus must 
pull the M16* line low as soon as the address is decoded and hold it 
low until the address becomes invalid. The M16* line must be correct 
before BALE goes inactive to insure that it is latched by the system 
board latch. Pulling this line low prevents the 16 bit to 8 bit bus 
conversion ltogic from being activated. 

(1016*) This signal {fs used to indicate thet the current 
address on the SA<9:0> lines is covered by a 16 bit I/O peripheral. 
The system. board will only use this signal if the current cycle is an 
1/0 cycle. The addressed peripheral on the bus must pull the 1016* 
line low as soon as the address {s decoded and hold it low until the 
address becomes invalid. The I016* l{ne must be correct by the second 
CLK16 cycle after ALE goes away to insure that it is latched by the 
system board latch. Pulling this line low prevents the 16 bit to 8 
bit bus conversion logic from being activated. 
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COMPATIBLE BUS MEMORY COMMANDS 


The signals SMRDC* and SMWTC* are used by the efght bit bus 
only. These memory signals are only enabled when the lower one 
megabyte of memory {!s addressed. They are developed from the regular 
MRDC*, and MWTC* signals by enabling a set of tri-state buffers with 
the signal LOWEN*. This signal {fs developed by the D4-SROM PAL from 
the address {tnformation on the system bus. The PAL also {Includes the 
latching function required to hold the address through the entire 
cycle and the refresh function for any dynamic memory on the original 
eight bit bus. 
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NON PROCESSOR SUBSYSTEMS 


The processor board also contains logic to generate or handle 
other types of bus cycles. Following {s a-list of those cycles. 


PROCESSOR BOARD DMA CYCLE TYPES 


DMA MEM READ BYTE 16 RAM LOW BYTE 
DMA MEM READ BYTE 16 RAM HIGH BYTE 
DMA MEM READ BYTE 8 BUS LOW BYTE 
DMA MEM READ BYTE 8 BUS ‘HIGH BYTE 
DMA MEM WRITE BYTE 16 RAM LOW BYTE 
DMA MEM WRITE BYTE 16 RAM HIGH BYTE 
DMA MEM WRITE BYTE 8 BUS LOW BYTE 
DMA MEM WRITE BYTE 8 BUS HIGH BYTE 
DMA MEM READ WORD 16 RAM 

DMA MEM WRITE WORD 16 RAM 


REFRESH READ 


SYSTEM BUS MASTER CYCLE TYPES 


BUS MASTER MEM READ BYTE 16 RAM LOW BYTE 
BUS MASTER MEM READ BYTE 16 RAM HIGH BYTE 
BUS MASTER MEM READ BYTE 8 BUS LOW BYTE 
BUS MASTER MEM READ BYTE 8 BUS HIGH BYTE 
BUS MASTER MEM WRITE BYTE 16 RAM LOW BYTE 
BUS MASTER MEM WRITE BYTE 16 RAM HIGH BYTE 
BUS MASTER MEM WRITE BYTE 8 BUS LOW BYTE 
BUS MASTER MEM WRITE BYTE 8 BUS HIGH BYTE 
BUS MASTER MEM READ WORD 16 RAM 

BUS MASTER MEM WRITE WORD 16 RAM 

BUS MASTER 1/0 READ BYTE 16 BUS LOW BYTE 
BUS MASTER 1/0 READ BYTE 16 BUS HIGH BYTE 
BUS MASTER I/O READ BYTE 8 BUS LOW BYTE 
BUS MASTER I/O READ BYTE 8 BUS HIGH BYTE 
BUS MASTER I/O WRITE BYTE 16 BUS LOW BYTE 
BUS MASTER I/O WRITE BYTE 16 BUS’ HIGH BYTE 
BUS MASTER 1/0 WRITE BYTE 8 BUS LOW BYTE. 
BUS MASTER 1/0 WRITE BYTE 8 BUS HIGH BYTE 
BUS MASTER I/O READ WORD 16 BUS 


BUS MASTER 1/0 WRITE WORD 16 BUS 
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HOLD REQUEST: ARBITRATION 


The RFK (refresh request) signal is synchronized to DCLK* by 
the RFQ flip-flop. Another flip-flop synchronizes the DREQ (DMA 
request) signal from the DMA subsystem to the DCLK clock. This 
{nsures that the two requests cannot arrive simultaneously. Both 
requests are next clocked by a pair of flip-flops (DMARQ, REFRQ) that 
have their Q* outputs cross connected to the other’s clear {f{nputs. 
This guarantees that only one of the two signals (DMARQ, REFRQ) can be 
active at a time. 

The two request signals are also ORed together and run through 
a circuit which locks out the combined request when a hold acknow!] edge 
cycle fs {n progress but the original request has gone away. This 
prevents a new hold request from befng initiated before the last one 
fs completed. The output of the speed control circuit is also ORed 
in with the other requests {n order to use up cpu bus bandwidth as a 
means of slowing the system down. 

This output (HRQ) is fed to an F74 flip-flop to which acts as 
another arbitration circuit. This circuit prevents the initiation of 
processor reset from occurring during HRQ or HRQ from occurring during 
processor reset. This prevents the CPU from aborting a hold request 
and subsequent garbaged hold cycles. 

After the reset arbitration, the output (GHRQ*) is gated with 
the signal RESCP. This prevents a hold from being started during the 
duration of the reset signal to the CPU. 

The output signal from the reset lockout circuit (HRQCP) Is 
synchronized to the CPU clock by a 74F175 (HOLD) to assure a proper 
setup time to the CPU. 


CPU HOLD REQUEST SETUP TIME 


CLK16* cycle time 62.5 
CLK32 to CLKI6* in F74 - 9.5 
CLK16* to HOLD in F175 - 9.5 
386 HOLD setup time -25.0 
MARGIN HRP RHRHRHRHRHRHRH EHH +18.5 


When the HLDA signal {is received from the CPU indicating that 
the bus {fs available, then the signal REFRS* (gated from REFRQ) or HAK 
(gated from DMARQ) {fs set active, enabling the appropriste subsystem. 
If the speed control circuit {is the source of the request, then 
neither of the above is set active. . 

It should be noted that if a cycle is in progress from one 
requestor, and the other requestor makes a request, then on the first 
rising edge of BCLK after the first xxxREQ signal goes away, the 
second requestor will be acknowledged. This will occur without giving 
the bus back to the CPU, {.e. a DMA hold and a refresh hold will be 
run back to back. If the speed control circuit is holding the bus 
then holds from DMA or refresh will be immediately acknowledged. 
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CPU OFF THE BUS 


When the HLDA signal is received from the CPU, the address 
latches between PA<19:2> and SA<19:2> are tri-stated. The PAL which 
converts BE<3:0> to SAl, SAO, and BHE* (D4-SADO) {s also tri-stated. 
The CPU bus command generator PAL (D4-SCMD) command output signals are 
also tri-stated. The command signals are held inactive by pullup 
resistors unt!1 the DMA controller, refresh controller, or other bus 
master can take over the bus. The bus address latch enable signal 
(BALE) is forced to the active state requiring that any other bus 
master must hold an address stable for the duration of a bus cycle. 

To allow the 32 bit memory board to receive addresses 
generated by the other subsystems, a series of buffers back feeds the 
CPU address bus (PA<¢23:2>) from the system busses (LA¢23:17> and 
SA<16:2>. Another PAL (D4-SADI) converts SA1, SAO, and BHE* to the 
BE<3:0> lines from the CPU and the D4-SCMD PAL converts the MRDC*, 
MWTC*, and REFRS* lines to an encoded status on the M-]O, D-C, and W-R 
lines for use by the memory board. The encoding is described in 
detail in the 32 bit bus descriptions. 

The data buffers between the CPU (PD<31:0>) end system bus 
(SD<15:0>) are turned around to work in the opposite direction from 
normal so that the other bus master can access the 32 bit memory as if 
it was regular 16 bit memory. 


DMA OPERATIONS 


The DMA controljlers in the system operate as a separate 
subsystem from the main bus controller. They handle requests from the 
DMA peripherals. arbitrate between them, and then request access to 
the system address and commend busses from the CPU by asserting DREQ. 
The system consists of two controlier ICs (8237A-5), a page register 
for handling the high order bits of DMA address (74LS612), and various 
latches and logic for address routing and control. 

There are two types of DMA on this design, byte and word DMA. 
One of the controliers is connected to handle byte operations, the 
other, word operations. In order to simplify the arbitration between 
sources, the hold request line from the byte controller is connected 
to a DMA request line (DRQ4) on the word controller. The word 
controller {is programmed for cascade mode on channel O (to which ifs 
connected DRQ4) so that it will not actually place an address on the 
bus when {it acknowledges the byte controllers request. 


BYTE DMA OPERATIONS 


The DMA byte cycle begins when @ peripheral sets a DRQO-DRQ3 
line active. The 8237 then arbitrates among any other pending 
requests and sets the hold request output active. This line (DRQ4) is 
connected to the word controller as discussed above which does it’s 
arbitration. The word controller then sets it’s hold request line 
active (DREQ) which fs then synchronized and arbitrated by the Hold 
arbitration logic discussed above. 
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When the system responds to the DREQ with a HAK, one .DCLK 
later the HAKDMA will be generated. This Provides for setup time to 
the 8237 from the last CPU access. When HAKDMA goes active, the word 
8237 will respond with a DAK4 which acts as a hold acknowledge to the 
byte controller. The byte controller will, after synchronizing the 
acknowledge, assert DAENI* (through a gate) and place an address on 
the XA<0:7> lines. It will place the high byte of the address on the 
IOD<0:7> lines and assert the address strobe signal to latch the 
address into the associated latch. The DAENI* signal also enables the 
output of the latch to the SA<8:15> lines. 

The D4-SCPY PAL drives the SBHE* line fin the opposite sense 
of SAO in order to satisfy 16 bit devices on the bus. 

The DAEN1* sfgnal {fs ORed with the DAEN2* signal inside the 
D4-SCPY PAL to produce DAEN* which changes the direction of the 
bidirectional buffers between the XA<0:8> and the SA<0:8> busses so 
that the DMA address will be on the system bus. 

The SAI16 line has an additional tri-state buffer between the 
LS612 output and SA16. This buffer {!s enabled for byte type DMA (as 
discussed here) and disabled for word type DMA (because the word 8237 
drives SAi6é {fn word DMA). 

The lines LA¢23:17> are driven by the 74LS612 page register 
when the CPU sets HLDA active (through the DMA* line). The selection 
of which internal register to enable to the bus is done by three gates 
which encode the DAKx signals into a register address for the LS612. 
The lines A<19:17> are also copied to SA<¢19:17> by a buffer enabled by 
the DMA* line. 

In the above fashion, all of the address lines on the bus are 
driven with appropriate address. When this is complete, the 8237 
drives the ]fnes XIORC*, XIOWC*, XMWTC*, and DMRDC* according to the 
type of cycle being run. The first three of these lines are buffered 
back to the IORC*, IOWC*, MWTC* lines by a bidirectional] buffer 
controlled by DAEN*. The DMRDC* line is handled differently. It is 
delayed. by one DCLK cycle before being gated onto the XMRDC* line and 
then to the MRDC* line. ‘When DMRDC* goes inactive, XMRDC* goes 
inactive without the DOCLE delay. This action pravides a greater 
memory address setup on read commands for block transfer modes of the 
S237. 

A single DCLE length wait state is added ta all DMA cycles. 
To do this, the OR of DMRDC* and XIORC# clocks the DWE! flip-flop toa 
inactive, setting DRDY inactive. On the next rising edge of DCLK the 
DX@ flip-flop is clocked active which in turn sets the DWQ flip-flop 
active again. On the next DCLE, DX@ will go inactive, allowing DRDY 
to go active and signal ready to the 8237. If a peripheral wants 
additional wait states, it can pull the BUSRDY line law which will set 
the DWG output te a low and prevent DXQ from going inactive. The wait 
circuit is prevented from being affected by BUSROY except during DMA 
cycles by a gate which healds the DWH flip-flop set active. 

The D4-SCRPY PAL enables the COPYEN* line if SAG is high and 
the addressed memory is 14 bit in order to route the data between the 
Jow half and high half of the data bus. The COPYHL line maves the 
data from high to low on memory reads, and from low to high an memary 
writes. 
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-WORD DMA OPERATIONS 


Word DMA operations are only possible between word memary (16 
or 32 bit) and word peripherals. Also, the DMA cannot dea anything twa 
an odd address boundary, on either memory or I/O. 

The DMA word cycle begins when a Peripheral sets a DRQS-DRO@7 
line active. The 8237 then arbitrates among any other pending 
requests and sets the hold request output active. The hold request 
line (DREQ) is then synchronized and arbitrated by the Hold 
arbitration logic discussed above. 

When the system responds to the DREQ@ with a HAKDMA, the word 
8237 will, after synchronizing the acknowledge, respond with a DAKx 
acknowledge to the peripheral. It will also assert AENZ2 and DAENZ+# 
(through a gate and D4-SCPY PAL) and place an address on the XAZ&:1> 
lines. It will place the high byte of the address on the ICD<7:02 
lines and assert the address strobe signal to latch the address into 
the associated latch. The DAENS# signal alsa enables the autput of 
the latch te the SAC14:9> lines. 

The D4-SCFY FAL drives the SAO and SBHE*® line tea a low in 
order to satisfy 14 bit devices on the bus. 

The remainder of the word DMA operation is the same as the 
byte operation except for the handling of the COPYEN# and COPYHL+ 
Signals. These signals are not enabled at all for word based DMA. 


DYNAMIC RAM REFRESH AND HOLD ARBITRATION 


The dynamic RAM refresh subsystem is designed to do a memary 
read cycle on each of 256 addresses in the memory space as addressed 
by SA7Z ta SAO. Address lines SAS is made equal ta SAO and SAP is made 
equal to SA1 in order to simplify 32 bit memory board design. Tos 
allow for future DRAMs requireing additional refresh addresses, SALO 
and SA11 have two additional counter bits present for a total of 1024 
possible refresh addresses, The other address lines are in an 
undefined state during the RAM refresh time. The system is alsa 
capable of being driven by an external sseurce if another bus master 
has control. The system consists of a timer (part of the 8254) which 
generates the.refresh requests every 15.924usec, arbitration logic 
which arbitrates whether the refresh controller or the DMA subsystem 
gets hold of the bus, a timing generator, and a refresh address 
counter. The refresh request rate of 62.7997 kHz provides 125 refresh 
cycles in 2.038 millisec or 256 cycles in 4.0745 milliseconds etc. 

The refresh cycle starts when the REFCK out of the 8254 gnes 
to a high. The clocks the RFK flip-flop ta a high. The RFK flip-flop 
will remain high until the refresh request has been satisfied. This 
line goes ta the hold request arbitration circuit discussed above. 
Nething else will happen until the arbitration circuit responds with 
the acknowledge signal REFRS#. (Nate: to allow bus masters control] of 
refresh, the REFRE* driver is an ooen cotlector gate with a pullup 
resistar). 
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When REFRS* goes active, it will be clocked into (through a 
gate), the REFEN#* flip-flop by the BCLK signal, enabling the refresh 
address from the counter ante the bus. The REFEN# Signal is in turn 
clocked into REFRD#® flip-flop by the next rising edge of BCLK, 
enabling the MRDC# command onto the bus.- The REFRD# signal is gated 
with BUSRDY and clocked into the next flip-flop (REFEND) by BCLK. 
This allows a slow memory board to insert wait states into refresh 
cycles. The output of this flip-flop (REFEND) is gated with the 
REFRE# signal mentioned at the beginning of this paragraph to end the 
refresh cycle on the next BCLK. At the same time that the REFEND 
signal is clocked through, the REFCL# flip-flop is clocked to a-low, 
clearing the RFK and RFQ flip-flops and ending the refresh cycle. 

If an external bus master wishes to take the bus for long 
periods of time, it must perform refresh or risk losing the dynamic 
memory. The external bus master can do this by developing it’s own 
refresh request timer and internal arbitration. When it is mat 
otherwise driving the bus, but still has bus cantroal, it can do a 
refresh cycle by pulling the REFRS# line Tow with an open collector 
gate. When the MROC# line goes inactive from the refresh cycle, the 
REFRS# line shoulda be released. The external bus master can then take 
Full cantral. 


OTHER BUS MASTER OPERATIONS 


This system allows other bus masters toa take over the system 
busses and use the 1/0 peripherals and memory. This is accomplished 
by the bus master software programming an unused DMA channel for 
cascade operation. When this is complete, the bus master can request 
the bus by setting the appropriate DR@ line active and waiting for a 
response. When the system responds with DAK, the bus master can pull 
the GRAB# line active (]lew) disabling the address, data, amd cantrol 
lines. The tus master should then wait one BCLE period before 
enabling it“s own buffers with valid address information and wait ane 
more BCLE period before driving the control lines. When the bus 
master is finished, it should release the GRAB* and DRE lines to allow 
the CPU to continue cperations. If the bus master keeps hold of the 
bus for more than 15 usec, then it should contain it’s own refresh 
timing and request logic to prevent loss of dynamic memory. 
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SPEED CONTROL 


This system is implemented to give the user some control of 
the system speeds in the case that seftware is speed dependent. The 
system consists of a one channel of the second 8254 timer counter and 
an interconnect the the hold request circuit. The timer channel is 
programmed as a one-shot which is triggered by refresh requests. If 
the 8042 keyboard controller SLOWD# line is active (LOW) then the 
timer output will extend the CFU hold time for refresh by the 
programmed value of the one-snot. During this hold time, the CFU 
cannot use the bus for execution, but the DMA subsystem can continue 
to work. The timer is clocked by DCLK giving a 250nsec increment in 
bus hald time. To disable the circuit, the 8042 SLOWD# cutput can be 
set imactive (HIGH) or the S254 timer can be stopped by programming 
the channel) but mot giving it a count value (Coaut 4Bh, 2h). To enable 
the one-shot, program for MODE 1 (out 4Bh, 92h) and give a count value 
between OLh and Soh (out 4AK, =xxh). 
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PROCESSOR SHUTDOWN AND RESET 


The CPL reset and shutdown circuits are designed to properly 
reset the processor during? powerup, temporary power loss, CFU 
shutdown, and under program control for mode switching. 

Since the CPU requires a reset pulse width minimum of 15 CLKS2 
times (469nsec) to respond properly, the circuit described next pulses 
the CPU reset line for 4 BCLK cycles (S00Onsec) for the cases of 
shutdown and program reset. 

The shutdown reset function is used to get the processar out 
of the situation where a processor exception occurs while doing a 
processor exception. In this case, the CPU goes inta shutdown mode as 
signaled by the status M-IO * /D-C # W-R #* BEO # ALE (signal SHTD*). 
The shutdown flip-flop (SHE) is clocked active by SHTD+#., 

This output (SHO) is fed to an F74 flip-flop to which acts as 
another arbitration circuit. This circuit prevents processor reset 
from occurring during held cycles or hold from occurring during 
pracessor reset. This prevents the CFU from aborting a hold request 
and subsequent garbagéed held cycles. 

The SHO# signal (out of the reset arbitration) is clack#ed intn 
another fTlip-flop by the RCLE signal (which has a rising edge every 4 
BCLE times) praducing RESCF#. This is in turn synchronized ta CLE14 
by anether F74 to ferm the RESCPU signal which resets the CPU. RESP 
clears the SHG flip-flop and ends the reset pulse. Making RESCFLI 
synchronous with CLK16 insures that CLK14 is in turn synchronaus with 
the internal SO03S4 CLK signal. 

Restarting the processor under program control is done by 
pulsing a bit in the 8042 keyboard processor (RSTAR#). This line sets 
the SHQ flip-flop active and starts the reset sequence in the same 
manner as described for shutdewn. 

The Jast twe functions, powerup reset and power lass rese 
are provided by the FWGOUD signal from the power supply. This si 
is clecked by CLEI4# toa form the signals RST# and RESDRV. RET# i 
used by mast circuits on the system board for powerup setup, RESDRV is 
sent ta the system bus for resetting most ather circuits in the 
system. The CPU gets reset through the shutdown circuit. When RST# 
is active, the RESCP# flip-flop is set active which in turn resets the 
CPU through the F74 and RESCPU. 

The signal RESCP (inverse of RESCF#) is used to hold the 
signal CMSAWR in the high state during the rising edge of CMSCE# 
(which goes high with PWGOOD) in order to properly set up the CMOS 
cleck IC. 


t, 
gral 
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The I/O subsystems consist 
the S254 timer/counters and their associated circuits, 
elock/RAM IC (MC146é816), the 8042 keyboard interface, 
peripheral 
the processor board, 


1/0 SUBSYSTEMS 


interface circuits. 


of the 257A interrupt 


Also located within the 
are the DMA controllers and the DMA Fage 


1987 
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86, 1987 


controllers, 
the CMOS 

and the 

I/Q space 


ore 


registers which are used to determine the top eight address bits 
during DMA operations. 


decodes the bits SAC9=5S>, 


timers, and a (D4-SFPFI) PAL which decodes 


The address decoding is done with three ICs, 
(D4-SNCP) PAL which 


the PAL equations for the decode PALS: 


EMPaRO 


IMSWR 


KEYCS 


FBWR 


PBRD 


CIORD 


TIMICS 


TIMSZCS 


PPICS# SA4e /SATH /SAO# XICQWC 


EMSAWR# XTOWC 


RESCMS 

PPICSH SA4% /SAR# TAOX XTIORG 
PRICS# SA4# /SARe SAO# XTOWC 
FFICS# /SA4# /SASe /SAO 
PPICS# /SA4# /SASGH SAO# XICWC 
PPICS# /3A4# /SAS# SAO# XIGRC 
JSAVe /SASe XTIORC 

INTA 

TIMES SEAS 

TIMGS# SAS 


a 74LSise& which 
breaks aut the two 
other addresses, Below are 


sNMI enable latch write (70h) 
sCMOS address write (79h) 

30r during powerup 

CMOS data read (71h) 

;CMOS data write (71h) 

33042 (60h, 64h) 

sFort Bwrite (41h) 


;Port Bread (41h) 


3O-FFH except 89257 


sor Interrupt ack 
sStandard timer 
,Special Sa4 timer 
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Following is an address and bit map of the devices inthe I/O. 


“subsystem. 


ADDRESS -ADDRESS BITS DEVICE 

HEX 9876543210 
OOh-OFh OO A000“ YYYY S237A-S byte DMA cantroller 
Z2Oh-2Zih O90 OO 1x xx x Y B257A Interrupt 2 controller 
40h 0o0010x0x00 8254-1 System clock Timer Oo 
4ih 0O0010x 0%01 8254-1 Refresh request Timer 1 
42h 00010x0O0x10 @254-1 Speaker Timer 2 
43h 0o0010x0x11 S254-1 Command Mode register 
48h 00010x1x O00 8254-2 Failsafe clock Timer O 
49h oo0o0010x1x0i1 8254-2 Extra Timer 1 
4Ah 00010% 1» 10 BE54-2 Speed control Timer 2 
4Bh OOo10x 1% 121 B254-2 Command Mode register 
40h ooo11000%0 2042 data I/O register 
41h OooOo1100%x% « 1 Port B/C In/Outputs 
44h 00011001 x O BO42 status/command register 
7Oh 90001110%x% x O CMOS address register 
7Oh ©oooi1ii110xxO0 NMI enable register (bit & low) 
71h 0oo1110x%x 1 CMOS data I/0 register 
Soh 00100x0000 DMA Fage register SPARE 
olh OO 1000x0001 DMA Page register CH 2 page 
E2h 6o0100x00i10 BMA Page register CH 3 page 
83h o0100x0q011 DIMA Page register CH 1 page 
84h 00100x0100 DMA Page register SFARE 
8Sh 00100x0101 DMA Page register SPARE 
Séh 00100x0110 DMA Page register SPARE 
87h 00100x011 1 DMA Page register CH O page 
88h 90100x1000 DMA Page register SPARE 
Soh oo100%x.%1001 DMA Page register CH 4 page 
sah o0o100x1010 DMA Page register CH 7 page 
SBhi Oo100%1901 1 DMA Fage register CH 2 page 
eth oo10o0 0x1100 DMA Fage register SFARE 
20h 90010 0%»1101 DIMA Page register SPARE 
SEh 001 00x1i110 DMA Page register SPARE 
SF ti 0oo1i100xi1i1i1i1 DMA Page register REFRESH page 
AOh-Aih O O0101% xx x Y 62S57a Interrupt 2 controller 
COh-CFh OO 110YYYVYx 8237a-S word DMA controller 
FOh ooii13itxoOoOxx dO Clear numeric processor busy 
Fih ooOo111%xO0x%x iI Reset numeric processor 
FEh-FFh OO11%111YYx 80287 command ports 
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I/O subsystem Bit usage: 


ADDR 61h Port BR <<REALD/WRITE>> 


O r/w + Timer 2 Gate speaker 

1 r/w + Speaker data 

2 r/w + Disable/Clear failsafe timer 

= r/w + Disable/Clear I/O channel error 
4 roa + refresh detect 

> Fo + Timer channel 2 output 

& roa + I/O channel error 

7 re + Fail safe timer interrupt 


ADDR 70h CMOS clock address/NMI Mask register 
QO-5 CMOS address bits 
7 —-NMI enable 


INTERRUPT CONTROLLER 


The S257A interrupt cantrollers subsystem handles interrupt 
requests from the system bus, the system timer, the keyboard, and the 
Numeric coprocessor. Interrupt requests from cantroller Z are 
cascaded into IRG2S af controller 1. Contraller 1 is a MASTER 
controller, controller 2 is a SLAVE as indicated by the SF/EN input to 
the devices. The arbitration between controllers is communicated aver 
the CASx lines during the time between the interrupt acknowledge 
cycles. The interrupt levels for each line are shown below in 
priority orders 


SW int Interrupt 
INT & IRPRO-1 SYSTEM TIMER (S255 TIMER 0) 
INT % TRG@i-1 KEYBOARD CHAR AVAILABLE 
na TRS 1 Interrupt from CTLR2 
INT 7© 2 CMOS clack interrupt 
INT 71 IR@?v-=2 BUS PIN BO4 (software redirected ta INT AD 
INT 72 IRQ1i0-2 BUS FIN BOS 
INT 73 IRQii-2 BUS FIN DO4 
INT 74 IRQ12-2 BUS PIN DOS 
INT 75 IR@13-2 Numeric Coprocessor (Software redirected to INT 2) 
INT 7& IRQ14-2 BUS PIN DO7 
INT 77 IR@QiS-2 BUS PIN DO4 
INT B IRQ3-1 BUS PIN B25 
INT C IRQ4-1 BUS PIN B24 
INT D IRQS-1 BUS PIN B23 
E 
F 


INT IR@Q6-1i1 BUS PIN B22 
INT IR@7-1 BUS PIN B21 


The interrupt controllers are lacated on the I/0 data bus 
TODs7:07 in order to provide adequate buffering from the system bus, 
Because of this, the interrupt acknowledge cycle requires the D4—-SPFI 
FAL to decode the CIORD# signal active. 
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NON MASKABLE INTERRUPT CIRCUITS 


The NMI (Nom Maskable Interrupt) input to the processor is 
activated from the expansion bus I/OCHEK circuit described below. The 
NMI input can be masked off by the hardware by setting the NMI Mask 
register (Add 7Oh bit 7) toa i. In order to receive an interrupt the 
mask register must be set to a 0. Note that this address is shared by 
the CMOS clock address register so that it is necessary to reprogram 
the address register before each access to the CMDS clock. 


EXPANSION BUS INTERRUPT line (A1) 


The expansion bus IOCHK# circuit contains an error latch and 
an enable latch (part 41h bit 2). The error latch state can be read 
om port 41h bit & where a 1 indicates the error. This latch can be 
cleared by setting the I/0 CHECK disable latch ta a il momentarily. Teo 
prevent any I/O CHECK errars from generating an interrupt, set the I/0 
CHECK enable Tatch to a il to disable the error circuit. 


FAILSAFE TIMER INTERRUPT 


The failsafe timer NMI circuit contains an interrupt latch and 
an enable latch (port Gih bit 2). The interrupt latch state can be 
read on port 61h bit 7 where a 1 indicates the interrupt. This latch 
can be cleared by setting the failsafe timer enable latch to a il 
momentarily. Ta prevent any failsafe timer interrupts from generating 
an interrupt, set the failsafe timer enable latch to a 1 to disable 
the interrupt circuit. This circuit can be permanently disabled by 
turning SWi-1 OFF. 


SPEED CONTROL TIMER 


The speed cantrol timer is used tao slow down the cpu execution 
rate as described in the NON PROCESSOR operations section. To enable 
the speed reduction, the S042 keyboard processor port 2 bit 3 is set 
to a low state and the timer is programmed for MODE 1 with a count 
between 2 and 38h. The larger the caunt, the slower the system will 
be. If a count greater than 35h is entered, then the system may lock 
up (speed goes ta zero). This speed control also depends on the 
refresh rate as programmed into the refresh timer. If the refresh 
timer is programmed faster than. it’s normal value (19 decimal) then 
the maximum speed count will be less (or the system will lock up). 
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NUMERIC COPROCESSOR INTERRUPT AND BUSY 


The Numeric coprocessor interrupt and busy subsystem is 
designed to make the GO287/80367 error handling system as much like 
previous products as possible. In normal operation, the 80287/80337 
will execute it’s instructions and set the BUSY7# line active until 
the instruction is complete. The D4—-SNCP PAL will enable the BUSY* 
line in response to prevent the CPU from sending any more 80287/80287 
instructions to the numeric coprocessor. 

If an error occurs during the execution of the instructian, 
the ERROR*® line will go active and the BUSY7# line will go inactive. 
In this case the PAL will cause an interrupt (IRQ13) when ERROR#® goes 
active. To prevent another 80287/80387 instruction from being 
executed before the error interrupt subroutine is entered, the BUSY 
line is then set (even though the BUSY7# input qoes inactive). 

When the interrupt subrautine is entered, the software should 
da an eutput instruction te port FOn te reset the errar enable latch 
(the data written is mat important). This in turn clears the 
interrupt and resets BUSY so processing can cantinue. The enable 
error latch (which is cleared by the port FO write) will remain 
disabled until seftware clears the error condition and the ERROR* line 
gues inactive, enabling the latch and further interrupts. 

Due te the design of the SOB54, there exists a possibility 
that the CFU may leck up during same copracessar instructions which 
cause an error. The system alsa cuntains a timeout circuit which will 
break the lack up if necessary. If the IRGiS line is active for more 
than iSusec and the CPU completes no bus cycles in that time, the 
BUSY# line is set inactive ta break the lock. In this case, the 
interrupt routine will them be entered before the next instruction. 

If a coprocessor is mot installed (as indicated by the switch 
SWi-2 setting off), then the D4-SNCF PAL will simulate it’s presence 
by setting the BUSY# line active for lSusec after each write to the 
BQRBS7/2O0387 address space. This prevents the 20284 from lacking up 
while waiting for a response from the SOBS7/80357, 

The SOZS7 can be reset (hardware reset) seperately from the 
S0356 by writing te I/O port OFih. The data written is not important. 
The S0387 cannot be reset by the above method, it is reset anly at 
powerup. The only method of initializing the SOSS7 is the FINIT 
instruction. 
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The system board includes a switch (SW1-7) which is used to 
select between the 80387 and the 80287. This switch MUST be in the 
correct position for proper operation. If this switch is set ta the 
80367 position, and the 0387 is not installed, the system will crash. 
The proper settings are shown below. - 4 


SW1-2 SW1-7 80287 80337 


On On In Out normal operation of 80287 

On Off Qut In normal operation of 80387 

Off On Out Out Normal operation without coprocessor 
Of f On Out In Normal operation without coprocessor 
On On In In Not recommended (but 287 works) 

On Off In In Not recommended (Improper operation) 
Off On Tn In Not recommended (error message) 

oft Off In In Not recommended (error message) 

Mrs Cr Qut PT? Installation error message 

OF t Ori In Out Installation error message 

Off orf Out In Installation error message 

On Of f 277 Mut System lackup om x87 instruction 

aff Ott PT? Qut System lockup on “G7 instruction 


EEYBOARD INTERFACE 


The keyboard interface system cansists af a Universal 
Feripheral Interface IC (8042 or 3742), a D4—-SKEY PAL, and several 
small camponents to make connection ta the keyboard. The primary 
device is the UPI, which is a self contained processor, This device 
serializes and deserializes the codes ta and from the keyboard and 
daes several other system functions. Included in these functions are 
the reporting of the switch settings fram the input part Con command), 
and controalling the CPL reset line and slowdown Tockout line. The UFI 
is also programmed ta cantrol the LOQOWAZO line (for limiting the CFU 
address to 1 Mbyte) but this function is taken over by the D4-SKEY 
FAL. 

The D4-SEEY FAL watches the commands toa the UFI and intercepts 
these having to do with the LOWAZO line. It then drives that line and 
prevents the UPI from getting the commands by disabling the keyboard 
write line (KEYWR#). This response is done within a few DCLK cycles 
instead of the several hundred UPI clock cycles required by the UF'I 
software. 

The PAL circuit is designed to be disabled (in case of 
compatibility problems) by the removal of a single zero ohm resistor 
connecting the KA2ZO# line to ground. This line (KA2ZO#) is the enable 
signal to the D4-SKEY PAL. When this line goes high (by removing the 
resistor) the LOWA20 and the KEYWR# lines are mot driven by the FAL, 
the UPI resumes driving the LOWAZO line and a resistor between IWC 
and KEYWR# provides the write signal to the UFI to allow normal 
function of the UPI on the LIWAZO commands. 
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8049 INPUT PORT 

Not defined 

Not defined 

60237 installed switch 
80287 speed switch 
Switch 4 

Switch 5 

Switch 6 . 
Keyboard inhibit switch 


NG UPWhMrO 


8049 OUTPUT PORT 

Reset 80286 CPU when low 

Force address wrap past FFFFFh to O0000 when low. 
Net Used 

Enable slowdown when low 

Keyboard Output buffer full (interrupt to S25) 
Keyboard Input buffer full (not used) 

Keyboard clock Tine (Coautput) 

Keyboard data line (Cautput) 


Nou pi hie Oo 


2047 TEST FORT 
QO Keyboard cleck line 
i Keytward data line 


SPEAKER INTERFACE 


Fhe speaker interface allaws the speaker to be driven fram twa 

sources, the S253 timer 2, or the orocessor through port 61h bit 1. 

In addition, the timer can be enabled and disabled from port Gih bit 
Q. In order ta use the timer te generate a tone, it is necessary ta 
peogram it to the desired frequency (the input clock rate is 1.175 
mhzy, amd set port 41h bits O and 1 te al. If the speaker is to be 
taggled directly by the CFU, port G1h bit © should be set to a zernu 
and tat 1 should be tuggled. 


REFRESH TIMER 


The system refresh is obtained by doing a DMA request from 
memory about every 15 usec. The timing is derived from the system 
clock and the refresh timer 1. In order to achieve the required 
refresh rate for dynamic memories (126 cycles in 2 milliseconds) the 
timer must be programmed to 18 or 19%. 


desired divider value is (.002/128)#1193182 = 18.44 
actual refresh rate for 18 is 18#128/1193182 = 1.931 msec 
actual refresh rate for 1? is 1LVHIPR/IIPSLIS2S = SLOSS msec 


A divider value of 12 results in a refresh rate slightly 
higher than necessary but this is better than breaking the specified 
refresh time as a divider value af 17 does. 


D3PE-PROCESSOR DESCRIPTIONS January O05, 1987 
Copyright COMPAQ Computer Corperation 1986, 1987 page Si 


SYSTEM TIMER 


The system timer O is conmmected directly to the interrupt 
controller so that system timing functions (time of day, Floppy motor 
timeout etc.) can be done. It is normally programmed by software to a 
frequency of 18.20675 Hz. 


CMOS CLOCK CIRCUITS 


The System CMOS clock circuits are used for twe purposes. Une 
is to provide an accurate time of day clock, the other is ta provide a 
small amount of permanent memory which is not lost during power off 
times. The main IC which provides these functions is the MC1446818 
real time clack chip from Motorola. There is also a CMOS inverter 
package which is used for an oscillator and to provide a quality chip 
select to prevent spurisus writes during power cycling. The inverter 
(40497) is used in a series type Pierce oscillator with a 32748 Hz 
crystal. This circuit is very sensitive due te the extremely small 
currents used to maintain oscillation and will mot work properly if 
the printed circuit beard is dirty or if test instruments prate any of 
the medes caonmected to the crystal. 


The power provided ta the CMOS circuits is designed to be 
Maintained during power off periods by a battery. To da this, a disde 
switching circuit is used to switch from the output of a special 
regulator to the battery source. A diode is used to reduce the 
battery voltage from the battery connecter to between 4.5v and 3.5v at 
the clock ICs. The regulator is a shunt type from the +12v supply and 
provides 6.2v before the diade. With the power on, the voltage at the 
cleck ICs should be about S.5v. The choice of voltages should prevent 
the battery from providing the power toe the clock circuits when the 
unit is on. This is necessary because the current drain from the 
clack is several orders of magnitude higher during system operation 
than during shutdown. 

One additional disde is used tau guarantee that the clock Its 
do not "latch up" during power cycling with no battery (which could 
destroy the ICs). This diade guarantees that the Vcc ta the clock is 
never mare that O.7v less than the voltage on the inputs thus 
preventing the turn on of the spurious SCRs in the CMOS circuits. 

The battery voltage range at the battery connector is shown 
below: 

absolute 
minimum maximum maximum 


1) S.0v &. Ov 6.2v 

2) Normally Keyed 
3) 

4) O.0v 0. Ov 0.Ov Ground 


The absolute max spec is for a battery that is mew, and should not be 
maintained for more than 24 hours at 100 ua. After this time, the 
normal min/max voltage spec applies. 

The current drain on the battery varies with voltage and clock 
operating mode, but is usually about 50-70 ua after running the 
diagnostic setup. The maximum current should be under 150 va. 
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SWITCH SETTINGS 
The processor board has one DIF switch with six individual 


switches. The function of the switches is as follows; - 


1) Failsafe timer enable (when 
This switch is mormally on. 
60287 coprocessor installed (when ON). 
This switch must be ON when the SO257 
OFF when the 80287 is not installed. 
3) 4mHz 80237 operation (whem ON). 

If an 80297 dash 1,2,8,10 is used then the switch should 


ON). 


2) 


is installed and 


be OFF. If dash 3 or 6 is used 
4) Switch 4 (see snftware spec for 
5) Switch 3 (see saftware spec for 


4) Switch 4 (see software spec for 


then the switch must be ON. 
usage) 
usage) 
usage) 


FROCESSOR POWER REGUIREMENTS 


The processar board uses Sv, 
power for other components af the system 
l2v provided by the power supply. With 
the speaker) canmnmected ta it, 
and 2.4 amps at Ov. 
24 ma at 1l2v, and 3.0 amps at 5.0Ov., 


na 


and lev power. 
from 


the processor 
The maximum expected power 


It distributes 
the -Sv, -lZ@v and aux 
other campanents (except 
uses 22 milliamp at lZv, 
requirement should be 
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ROM MEMORY SYSTEM 


The ROM memory system on the memory board consists of four 
sockets for 2S pin ROMs or EPROMs and decoding logic to enable them. 
The ROMs can be either 8K, 16K, or 32K x 8 bits in size depending on 
the arrangement of jumpers xx to xx. The ROM sackets are arranged in 
two sets of ROMs (16 bits wide) designated SYSTEM ROMs 1 (always 
present and including address (OFFFFOhH) and system ROMs 2 (located at 
lower address than SYSTEM ROMs 1). There is also a jumper. for each 
The jumper setting 


bank to select between static and dynamic ROMs. 


for each type of device is shown below. 
8k ROM PROGRAMMABLE active HI CS ON 26,27 
14k ROM PROGRAMMABLE active HI CS ON 27 
32k ROM 
ek EF ROM INTEL 2764 TYFE 
14k EPROM INTEL 27128 TYFE 
2ZK EF ROM INTEL 272546 TYFE 
Standard canfiguration 
ROMS1 (system ROMs)? use jump block ERI: 1 2=3 4=5 4 =o Y 
ROMS2 Captian ROMs): use jump bleck ER: 1 2=2 4 3=4 7 @=% 
Sk Device 1=Z2 3 4=5 4 
14k Device 1 253 4=5 & 
S2Zk Device 1 2=3 4 3=64 
Static device 7=8 9 
Dynamic device 7 8=9 


The addresses of the ROMs for the three ROM size configurations are 
shown below. 
address Sk devices 164k devices Sek devices 
OEQQOOH SYSTEM ROMs 2 SYSTEM ROMs 2 SYSTEM ROMs 2 
OEZOOO0OH SYSTEM ROMs 2 SYSTEM ROMs 2 SYSTEM ROMs 2 
OE4000H SYSTEM ROMs Za SYSTEM ROMs 2 SYSTEM ROMs 2 
OEGOQOOH SYSTEM ROMs 2a SYSTEM ROMs 2 SYSTEM ROMs 2 
OESOO00OH SYSTEM ROMs 2b SYSTEM ROMs Za SYSTEM ROMs 2 
OEAQOOH SYSTEM ROMs Zb SYSTEM ROMs 2a SYSTEM ROMs 2 
OEZOOOH SYSTEM ROMs 2c SYSTEM ROMs 2a SYSTEM ROMs 2 
QEEOOOH SYSTEM ROMs 2c SYSTEM ROMs Za SYSTEM ROMs 2 
OFOQOOH SYSTEM ROMs 1 SYSTEM ROMs 1 SYSTEM ROMs 1 
OF 2000H SYSTEM ROMs 1 SYSTEM ROMs 1 SYSTEM ROMs 1 
OF 4000H SYSTEM ROMs ia SYSTEM ROMs 1 SYSTEM ROMs 1 
OF GQOOOH SYSTEM ROMs ila SYSTEM ROMs 1 SYSTEM ROMs 1 
OF SOOOH SYSTEM ROMs 1b SYSTEM ROMs tla SYSTEM ROMs 1 
OF EQOOH SYSTEM ROMs lb SYSTEM ROMs la SYSTEM ROMs i 
OF COO0H SYSTEM ROMs lc SYSTEM ROMs la SYSTEM ROMs 1 
OFEQQOH SYSTEM ROMs ic SYSTEM ROMs ta SYSTEM ROMs 1 
The designation “La", "lb", “le” etc. means that the contents of the 
ROM can te found duplicated at this address, 
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ROM/EPROM speed requirement 
The required speed for the ROM or EFROM is given below: 


Address access time for ROM/EPROM 


Ss x CLK14 cycle 312 
ALE delay in PAL ~ 15 
ALE delay in FOO = FF 
address latch delay als573 - 20 
buffer prop delay 18244 - 20 
DATA latch setup time - 10 
Latch enable delay in PAL + 5 
CMD# delay from CLK14 in PAL + 5 
ACCESS TIME HHHHHHHH DAO 


ME access time for ROM/EFROM 
ME/lS access time for ROM/EPROM (jumpered dynamic) 


42 ELELG cycle 250 
Moe from CLELTG# in FAL = 123 
MADI# from CMO in FAL — 2a 
Ex from MROCH# in FAL. = 25 
buffer prop delay 1s244 = 2G 
DATA latch setup time - 10 
Latch enable delay in FAL + 5S 
CMO# delay from CLK1&é in PAL + 5 
ALCESS TIME HHHRHHHH LOS 


CS access time for ROM/EPROM (jumpered static) 


Ss » CLK1S cycle 312 
ALE delay in FAL = 15 
BALE delay from ALE in FOO - 10 
ROM# from BALE in FAL - 2S 
buffer prop delay 1s244 = 20 
DATA latch setup time = 10 
Latch enable delay in FAL + & 
CMO delay from CLK16 in PAL + 5 


ACCESS TIME HHEHHHHH DOD 
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D4 OFTION BOARD SLOT SPECIFICATIONS. (no memory on motherboard) 


Slot 
12345 676 ss 
Ke ew 6 wt ww 32 bit. 
. KM» X * . 16/8 bit. 
o Ks wo Mw 2 8 bit only. 
Xe 2 oe XX MM drop down to gold finger edge. 
_- -— + | drop down to motherboard surface. 
« MBM « © ow no drop down available. 
xx x xK KX xKXX. full size 
.s 2 * s 8 te ® short slot (& inch) 
Lie 2 8 we et ew Used for standard memory board 
i te ow Ae ee Available 
Ss» 5 @ % Available 
Qos ms mS Available 
Soe we x VOU 
bow. Hard Disk 
7x Flappy/Serial/FPrinter 


Available 
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EXPANSION BUS DEFINITION 


BUS Signal 
Fin Name Description 
AOC1 IOCHK*# This input signal is used to signal the CPU 


about parity or other serious errors on adapter cards plugged inta the 
expansion bus. This signal should be driven low by an open collector 
type output capable of sinking 20 mA when an uncorrectable system 
error accurs. 


AQ2Z-A0Y SD7-SDO These bidirectional signals are the 
lew S bits of the system data bus. They should be used exclusively by 
all eight bit devices ta transfer data. Sixteen bit devices should 
use these lines to transfer only the low half af a data word when the 
address line AO is low. These may be driven by an expansion bus 
adapter acting as a bus master. 


A1O BUSROY This input signal is used to lengthen a bus 
cycle fram it’s standard time if a tus adapter cannot respond quickly 
enough. It should be pulled low by an open collector type device as 
soon as a slow addressed device is selected and held Inw until the 
device has responded. Bus cycles are Jengthened by an integral number 
of (BCLE) cycles. This line should not be held low for more than 2.5 
Microseconds. This line shauld be driven by an open collector device 
capable of sinking 20 mA. 


All AEN This output signal when inactive (low) 
imdicates that the CPU ar other adapter mounted bus master has cantre) 
of the bus. When active, the DMA controller has control of the bus. 
It is often used ta disable devices which must mot respond during a 
DIMA cycle. 


ALZ-AS1 SALY-SAO These bidirectiomal signals address 
memory aor I/O devices within the system. They form the low order ZO 
bits of the 24 bit address bits that the system offers. These lines 
are enabled onto the bus while BALE is high and are latched when BALE 
gazes from a high to a low state. These may be driven by an expansion 
bus adapter acting as a bus master. 
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BO2 RESDRV This output signal is used to reset 
the hardware during powerup or power failure. It is active high. 

BO4 IRGY 

B21 IRQ7 

B22 IRQ6 

B23 IRQS 

B24 IRQ4 

B25 IRQS 

BOS IRQ10 

D4 IRQ1i1 

nos IRQ12 

DO IRQ1i5 

no7 IROQ14 These input lines are used ta 


interrupt the CFU to request some service. The interrupt is 
recognized when the line gues from a lew to a high and remains there 
until the appropriate interrupt service routine is executed. 


BO DRQ2 
B14 DROS 
Bia DR 
Do? DRDO 
oil ORES 
D13 DRA4 
Dis DRO7 These input lines are used to request 


a DMA service from the DMA subsystem or to gain control of the system 
bus from the main CPU (Dma ReQuest). The request is made when the 
line goes from a low to a high and must remain there until the 
appropriate DAKx (Dma AcKnowedge) line goes active. 


Bos NOWS+ This input line (No Wait State) is 
used to inform the system that standard wait states can be deleted for 
cycles when this line is made active. The Tine must be pulled Tow 
before the falling edge of BOLE in order te be recagnized. This Jine 
should be driven by an open collector device capable of sinking 20 mA. 


Bil SMWTC# This output line (standard memory 
write) is active (low) only when an address from OO0O0000h to OFFFFFh is 
decoded, This jine is derived from MWTC#. 


Bi2 SMRDC# This output line (standard memory 
read) is active (low) only when an address from OO00000h to OFFFFFh is 
decoded. This line is derived from MRDC#. 


Bis IOWC+ This output line (1/0 write) indicates 
(when low) when an I/0 device is to accept the data from the data bus. 
It may be driven by an expansion tus adapter acting as a bus master. 


Bi4 IDRC This output dine (1/0 read) indicates 
(when low) when an I/O device is to send data ta the data bus. It may 
be driven by an expansion bus adapter acting as a bus master. 
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Bis DAK3+* 

B1i7 DAK1#— 

B26 DAK Z+ 

Ds DAKO# = 

D10 DAKS* 

Di2 DAK4S# 

D14 DAK7+# These output lines (Dma Ficknewedge) 
indicate that a request for a DMA service from the DMA subsystem has 
been recognized. The acknowledge is indicated by a LOW on this line. 


This line should be used to decode the BMA device with the IORC# or 
IOWC# line to indicate selection. If used ta signal acceptance of a 
bus master request, this signal indicates when it is legal ta pull 
GRAB# low. 


B19 REFRESH This output signal is wsed to indicate 
(when low) a refresh cycle in progress. It should be used ta enable 
the SAQ-SA7 address lines ta the row address inputs of all banks of 
dynamic memory so that when the MROC# goes active, the entire system 
memory is refreshed at one time. It may be driven by an expansion bus 
adapter acting as a bus master. 


B2O BCLE This cutput signal is provided to 
allow synchranization ta the main pracessar clock. Its frequency will 
be approximately GMHz with a duty cycle of SOZ%, 


B27 T/C This output signal (whem high) 
indicates that the terminal count of a DMA operation has been reached. 
It should be decoded with the appropriate DACKx line for proper 
operation. 


BEs BALE This output signal (when high) 
indicates that a valid address is present on the LAxx address lines. 
The LAs address lines or any decaudes developed fram them should be 


Jatched at the falling edge of BALE. This line is always high when a 
DMA or bus master operation is eccurring. 


5 


B30 Osc This output siqnal is a clock far use 
in timing applications. Tt“s frequency is 14.31818 MHz and duty cycle 
is appoximately SOZ. 


ci SBHE + This outout signal (System Bus High 
Enable) indicates (when low) that the high half of the SDx data bus 
should transfer the data on adapters which support the full 16 bit 
data bus. It may be driven by an expansion bus adapter acting as a 
bus master. 


MS-Cs LAZS-LA17 These output signals (Latchable 
s) are used to decode memory which must respond with zero or one 
wait state. They are only guaranteed tu be valid when BALE is high. 
These may be driven by an expansion bus adapter acting as a bus 
master. 
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—— Cc? - MRDC+# | This output line (memory read) 
indicates (when low) when a memory device is to send data to the data 
bus. This signal is active over the entire address space of the 


system. It may be driven by an expansion bus adapter acting as a bus 
master. 


Cio MWTC# This output line (memory write) 
indicates (when low) when a memory device is to accept the data from 
the data bus. This signal is active over the entire address space of 


the system. It may be driven by an expansion bus adapter acting as a 
bus master. 


Ci1i1-C1e snos-snpis These bidirectional signals are the 
high & bits of the system data tus. Sixteen tit devices shauld use 
these lines ta transfer the high half of a data word when the line 
SBHE* is low. These may be driven by an expansion bus adapter acting 
as a bus master. 


D1 M14% This input line (Memory is 14 bits) 
Signals the system that the addressed memory is capable af 
transferring 14 bits af data at ance. When this line is made active, 
during a memory read or write, the standard one wait state memory 
cycle will be run. This line should be derived from the LAxx address 
lines. This line should be driven low by an open collector device 
capable of sinking 20 mA. 


D2 I0Q146# This input line (I/Q is 16 bits) 
signals the system that the addressed I/0 device is capable of 
transferring 16 bits of data at ance. When this line is made active, 
during an I/G@ read or write, the standard one wait state I/O cycle 
will be run. This line should be driven low by an open collectar 
device capable of sinking 20 mA. 


017 GRAB This input signal is used to indicate 
that an adapter mounted bus master is canmtrolling the bus. An adapter 
may pull this line low when the appropriate DAKx line is made active, 
signalling that a master request is granted. The system address, data 
and control lines will be floated, allowing the adapter to begin 
controlling them one full BCLK period after GRAB is made active. At 
Jeast one more full BCLEK period should be allowed after putting a 
valid address an the bus before activating any of the control lines. 
This line should be driven by an apen callectar device capable of 
sinking 20 mA. 


BO1,B10,B31,D18 GND These lines are cannected ta the 
system AC and DC ground. The maximum current allowed om any single 
camtact is 1.5 amps. 


BOs, BEY, 014 +35 Vde These lines are connected tu the 
system power supply for S volts. In additian ta the maximum power 
available from the supply, the maximum current allowed on any single 
contact is 1.5 amps. 
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BS -5 Vde This line is connected to the system 
power supply for minus 3S volts. This supply is intended for low 
current usage only. 


B7 -12 Vde This line is connected to the system 
power supply for minus 12 volts. This supply is intended for low 
current usage only. 


B9 +12 Vde This line is connected te the system 
power supply for 12 volts. In addition ta the maximum power available 
from the supply, the maximum current allowed on this contact is 1.5 
amps. 


BUS TIMING INFORMATICN 
This information assumes that the system clocks are at a constant 


SmHz. Since in same cases this is mot true, same cycles may have more 
time available than indicated. 


CPI bit command active time (standard wait state) 
27 ow CLELIG cycle ah7 
CRUG bit command active time (NO standard wait state) 
3 «x CLK16 cycle 137 


CPL 16 bit memory command active time (standard wait state) 
4 x CLK16 cycle 250 


CPU 14 bit I/O command active time (standard wait state) 
3 «x CLEK146 cycle 187 


CFL 164 bit memory command active time (NO wait state) 
2 ox CLEL4 cycle 25 


CFU extra wait state size 


2x CLK1I6 cycle 123 
Address access time from SAx address lines, 14 bit bus read cycle. 
5S x CLK16 cycle 312 
ALE# active delay in PAL = 15 
ALE# TO ALE in FOO = 6 
address latch delay als573 - 20 


Latch setup time als573 
CMD from CLK16# in PAL & 
BCK» from CMD in PAL + & 
ACCESS TIME HHHHHHHH 2735 


+ | 
- 
2) 
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Address access time from SA19-SAO address lines, 8 bit bus read cycle. 
11 «x CLK16 cycle 687 
ALE* active delay in PAL - 15 
ALE* TO ALE in-FOO - 6 
address latch delay als573 - 20 
Copy buffer delay 15245 = 15° 
Latch setup time als573 - 10 
CMD from CLK16# in PAL + 6 
BCKx from CMD in PAL + $8 
ACCESS TIME HHH HHH HH 635 
Access time from BALE active, 16 bit bus read cycle. 
S x CLK16 cycle 312 
ALE# active delay in PAL - 15 
BALE from ALE in FOO - 
Latch setup time alsi7s3 - 10 
CMD from CLE14# in PAL + 6 
BCK=x from CMD in PAL + 6 
ACCESS TIME HHHHHHHH 292 


MROC# Access time, 16 bit bus read cycle. 


4» CLE1I4 cycle 250 
MROC# from CMO in FAL =e 
Latch setup time als5S73 - 10 
BCKx from CMD in PAL + & 
ACCESS TIME HHH HH HEH 233 
IORC# access time, 16 bit bus read cycle. 
3 x CLK16 cycle 187 
TORC# from CMD in PAL ~ 15 
Latch setup time als372 - 10 
BCKsx from CMD in PAL + 
ACLESS TIME HHH HH 170 
MROC#, IORC#, access time, & bit bus read cycle. 
9 x CLK16 cycle 362 
MRDC# from CMD in PAL = 15 
Copy buffer delay 1s245 - 185 
Latch setup time aisS7s - 10 
BCKx from CMD in PAL + 8 
ACCESS TIME HHH se Ht 327 
SMRDC# access time, 8 bit bus read cycle. 
9 x CLK16 cycle 562 
MRDC# from CMD in PAL = 15 
SMRDOC# from MRDC# in LS1i25 - 16 
Copy buffer delay 16245 - 1 
Latch setup time alsa7s - 16 
BCE: From CMD in FAL + & 


ACCESS TIME HHH HH HHH 509 
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Data hold time from MRDC#, IORC#, 8 and 16 bit cycles 
data hold from BCKx ALSS73 7 
BCKx delay from CMD in PAL max 13 
DCMD from CMD in PAL min - §& 
command from CMD in PAL min - 8 
Required data hald HHH ES ee ee & 


LAx address valid to 16 bit memory command setup 


3 # CLK16 187 
CPU address out from CLK16 max - 40 
Address buffer delay ALS245 max - 17 
CMD from CLK16* in PAL + 6 
command from CMD in FAL + 5S 
SETUP HHH HH HHH : 141 


LAx address valid to M1G# active requirement 


3% CLEL4G 137 
CPU address out from CLK146& max - 40 
Address buffer delay ALS245 max - 17 
Mié6# setup required to ALE in FAL = 25 
SETUP FH HH HEE {os 


BALE valid to 14 bit memory command setup 


1 # CLE14 62 
ALE# active delay in PAL = 1S 
BALE from ALE# in FOO - 
CMD from CLK16# in FAL + 6 
command from CMD in PAL + § 
SETUP Sede Hee He He He EE a9 


BALE valid to required M14 


1 * CLE1I4 ae 
ALE# active delay in FAL - if 
BALE from ALE* in FOO = © 
M16* setup im FAL - 25 
SETUP SEH EH HEH Ht 13 
SAx address valid to 14 bit memory command setup 
1 *# CLK16 &2 
ALE# active delay in PAL = 15 
BALE from ALE# in FOO = 
CMD from CLK16# in PAL + & 
command from CMD in PAL + 5 
address Jatch delay ALSS73 - 20 
SETLP Ht He te tae ese 29 
SAx address valid te I/O, & bit cammand setup 
2 OF LR LS dia 
ALE# active delay in FAL = 75 
BALE fram ALE# in FOO - 
EMD from CLELG# in PAL + 
cammand fram CMD in FAL + 


address latch delay ALSS72 
SETUF SEEGER IESE EH EE 
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SA<K19-O> address hold from command 


1 *# CLK14 
CMD from CLK14# in FAL 
command from CMO in FAL 


ALE* active delay in PAL min 

ALE# TO ALE in FOO 

address latch delay als573 min 
HOLD HE HEE EEE et 


CPU write data setup to MWTC# active, 
CLK1& time 
MWTC# in PAL delay min 
BENx delay in PAL max 
data buffer delay LS245 
SETUP 


16 bit 


HRHHHHHHHH 


MPU write data setup ta IQWC# active 
2 * CLE14G 
MWTE# in FAL delay min 
BENx delay in FAL max 

~ data buffer delay La24s5 
SETUP HHH HHH 


CFU write data setup to MWTC#, IOWC# active, 
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+++ | 
N 


46 


bus memory cycle. 


S 


= 25 


MWTC# to CPYEN# in FAL delay - 25 
data buffer delay LS245 - 49 
“SETUP HHH HHH - 65 
CPU write data setup to MWTC#, IOWC#, inactive, 16 bit bus memory 


cycle. 


S # CLE14G time max 312 

BEN=#* delay im PAL max = Zo 

data buffer delay LS2Z45 - 40 

MWTIE# im FAL delay min = 

SETUP HHHHHHARH 252 
CPU write data setup to MWTC#, IOWC#, inactive, S&S bit bus memory cycle 
LOW BYTE. 

9 * CLKIG6 time max D662 

BENx# delay in PAL max - 25 

data buffer delay LS245 - 40 

MWTC# in PAL delay min va 

SETUP HHH Hat et 902 
CPU write data setup to MWTC*, IOWC#, inactive, 8 bit bus memory cycle 


HIGH BYTE. 
vo # CLELG max 
MOPYENS delay in FAL max 
data butter delay LS2Z45 
SETUP 


time 


HHHHHHHHEH 


Refresh MRO active 


DGLE cycle 


time 
time 
Refresh address setup to MROC# active 
= # CLE1G 

1ssv?O delay max 
LE244 DELAY (SAG,SA?) 
16125 delay min 

(SAS. SAP) 


SF TIE HHHHHHHHH 


250 
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Refresh address hold from MRDC# inactive : 
1s590 delay min + 5 
Ts1l25 delay max ; - 20 
- | SETUP HHHHHHHHEH - 15 


Refresh wait state BUSRDY low delay from MRDC# active 


2 * CLKi6  ~ 125 
f175 delay max - 10 
1s125 delay max ~ 20 
f125 setup max - 3 
Max allowed delay HHH 92 


Refresh wait state BUSRDY high setup to BCLK rising 


FIZ setup max 3 
FOS delay 6.6 
SETUF HHHHHHRHHH 10 


CFU memory or I/O command wait state 
BUSREY high setup to BCLE rising 


F74 setup maz 3 
SETUP HHHKHHHHEH a 
CFU 16 bit memory cammand wait state 
BUSRDY low delay from command active 
3 # CLKLE 1&7 
CMD from CLK16% in PAL - 15 
command from CMD in PAL - 15 
F74 preset delay - 11 
F175 setup max = 3 
Max allowed delay HHHKHHH RAH 143 
CPU 16 bit I/O command wait state 
BUSROY low delay from command active 
2 # CLELG VES 
CMO from CLE16# in FAL = LS 
command from CMD in PAL - 35 
F74 preset delay - 11 
F173 setup max = 3s 
Max allowed delay HHH HHH 31 
CPU S bit command wait state 
BUSRDY low delay from command active 
8 # CLK16 300 
CMD from CLK16# in PAL = TS 
command from CMD in PAL - 15 
F74 delay max = Ti 
Fi7S setup max - 3 
Mas allawed delay HHEHHHREHRSE Ss 


CFU minimum command active from BUSRDY high after added wait state. 


2 *# CLELG 125 
IMO from CLEIG# in PAL + & 
command from CMD in FAL + 8 
F74 setup min + O 


Lommand active HHHHHHHHHH Lay 
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CPU maximum command active from BUSRDY high after added wait state. 
4 * CLK16 250 
CMD from CLK146# in PAL + 1S 
command from CMI in PAL + 15 
F74 setup max + 3 
Command active HHH HHH 283 


NOWS* delay from MRDC* or MWTC® 16 bit memory cycles 


1 # CLK16 62 
CMD from CLK16# in PAL - 15 
command from CMD in PAL - 15 
F74 setup min - 3 
Max allowed delay SHH EE See 29 


OMA memary read, 1/0 write command additional wait state 
BUSROY Jew delay from memory read command active 


4 # CLEL14 250 
T74 delay max = 11 
lsi2s delay max - 20 
LS242 delay max - 18 
f74 delay BUSRDY te ORD maz - iil 
Ti7S setup - 3 
Max allowed delay BSS RAT RRS 1e7 


DMA I/0 read, memory write command additional wait state 
BUSRIIY low delay from I/0Q read command active 


8 * CLK16 S00 
I/O write delay from DCLK max -190 
1s243 delay max = 15 
f74 delay BUSRDY to DRD1 max = Tk 
fi75 setup - 3 
Max allowed delay HMM H HH ata 


DMA MADICe active time 
2 «x DCLE cycle 500 


DMA IORC# active time 


3» DCLK cycle | 750 
DMA MWTC#, IOWC# active time 

2» DCLK cycle Soo 

B227 Write command shrinkage 100 

Active cycle time HHH HHH 400 


System memory read access time from MRDC* (Non CPU cycles) 


M-I0. from MROC# in PAL 15 
4 x CLES2 (CDOMIO te MCAS) 125 
MEALS to CAD= in Fas delay max dS 
TAS access time in RAM max 25 
Data buffer delay F657 (mem card) 19 
Tata buffer delay Li245 15 
Data buffer delay ALS2S45 (capy but) 15 


Access time HHHHHHHHHH 2EO 
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Data setup to MWTC® for system RAM (Non CPU cycles) 


M-IO from MWTC*® in PAL - 10 
4 «x CLK32 (DMIO to MCAS#) -125 
MCAS#® to CASK#* in F32 delay max = 10 
Data buffer delay F657 (mem card) 10 
Data buffer delay LS245 15 
Data buffer delay ALS245 (copy buf) 15 
Data setup before MWTC# *### HHH HHH -100 
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Required I/Q data access time from IORC#® for DMA write to RAM 


4 *# CLK16 cycle time (IORC# to MWTC#) 250 
System RAM data setup before MWTC# 100 
DMA I/0 read access time ####HHHHH 350 


DATA valid after TOWC# low during DMA read from RAM 


DMRQ# from DICLE in F74 delay 11 
XMROIC# from DMR in lsi2i delay 12 
MROC# from XMRIIC# in 15245 ba 
System memory access time from MRDC# 220 
XIOWC# from OCLE in S237 min* - 7O 
Towle from XIQWC# in LSZ4sa - 15 
DMA data valid from IOQWC# low HHHHHHHH LTS 


DATA setup ta TOQWC# high during OMA read from RAM 


2» DCLK cycle time 500 
DMA cantroller Write low shrinkage - 100 
DMA data valid from IOWC# low - 179 


Data setup to IOWC# high HHHHHHHH 221 
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32 BIT EXPANSION BUS DEFINITION 


BUS Signal 
Fin Name Description 
E38 PARIT+# 


This input signal is used to signal the CPU about parity errors. This 
signal has a 2Okohm pullup resistor and may be driven low by either an 
open collector type output or a normal output capable of sinking 4.0 
mA and sourcing 1.0 mA when an uncorrectable system error occurs. 


E2-FS PDO-PD7 
These bidirectional signals are the 8 bits of the processor data bus 
selected at an address that ends in OO (binary). They should be used 
for the transfer of memory data when the 32 bit bus is selected. 
These lines shauld be driven during 32 bus memory read cycles when 
qualified by the BEO# signal qeing active. At other times this bus 
should nat be driven. During a write cycle the data on these lines is 
valid anly when BEO# is active. The bus should have a maximum of 
1,.0mA lead in the low state and O.4mA load in the high state when 
driven by the motherboard and a maximum capacitive loading af 40pF. 
The 32 bit board must be able ta drive 120pF and sink 4.0mA and source 
1.O0mA when driving these lines. 


E4—-F? PDS-PD15 
These bidirectional signals are the & bits of the processor data bus 
selected at an address that ends in O1 (binary). These lines are 
qualified by BE1# similar ta PDO-PD7 and BEO# described abave. The 
electical parameters are the same as POO-PD7 described abuve. 


E10-Fiz FOL6é—-Po25 
These bidirectional signals are the 3 bits of the processor data bus 
selected at an address that ends in 10 (binary). These lines are 
qualified by BES similar to FDO-FDO7 and BEO* described above. The 
electical parameters are the same as FOO-FDO7 described abave. 


E14-F17 PD24-FD31 
These bidirectional signals are the @ bits of the processor data bus 
selected at an address that ends in 11 (binary). These lines are 
qualified by BES* similar to PDO-PD7 and BEO# described above. The 
electical parameters are the same as PDO-PD7 described above. 


E18-F2s PA2-PA23 
These output signals (in addition to PAS1) address memory devices and 
special cantrol] registers on the 32 bit memory bus. They form the 
high arder 22 bits of the 24 bit standard address that the system 
offers. The bus should have a maximum of 1.0mA load in the low state 


and o.4ma loach in the high state and a maximum capacitive leading af 
40pF. 
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E6 PA31 
This output signal (in addition toa PA2-PA23) addresses special contro] 
registers or system memory an the SS bit memory bus. The Tine should 
have a maximum of 1.0mA load in the low state and 0.4mA load in the 
high state and a maximum capacitive loading of 40pF. 


ESS LOWA20 
This output signal (when low) indicates when the address line PA2ZO 
should be ignored and the address decoded as if the PA2O line was low. 
When high, the PA2O line is decoded as normal. This is used to 
provide software compatibility for these programs that expect only a 1 
megabyte address space. The Jine should have a maximum of 1.0mA load 
im the low state and 0.4mA load in the high state and a maximum 
capacitive leading of 40pF. 


Fo BEO# 
This output signal (when low) indicates when the 32 bit memory board 
should operate on the FDO-FD7 data lines. The line should have a 
maximum of 1.O0mA Inad in the low state and 0.4mA load in the high 
state and a maximum capacitive loading of 40pF. 


E20 BE1# ; 
This output signal (when low) indicates when the 32 bit memory board 
should operate on the FDCG-PD1iIS data lines. The line should have a 
maximum of 1.0mA lead in the low state and 0.4mA lead in the high 
state and a maximum capacitive loading of 40pF. 


F29? BE2+# 
This output signal (when low) indicates when the 32 bit memory board 
shauld operate on the FD1I4—-PD22 data lines. The line shauld have a 
maximum of 1.0mA load in the low state and 0.4mA load in the high 
state and a maximum capacitive loading of 40pF. 


Es BE SH 
This cutput signal (when low) indicates when the 32 bit memory beard 
should operate on the PD24-PD31 data lines. The line shauld have a 
maximum of 1.0mA load in the low state and 0.4mA load in the high 
state and a maximum capacitive loading of 40pF. 


BO2 RST+# 
This output signal is used to reset the hardware during powerup or 


power failure. This signal is not synchronous with the CLK32 or 
CLK16# lines. It is active low. 


E32 CLK32 
This cutput signal is the main processor clock. Its frequency will be 
samHz with a duty cycle of about SO%. This line shauld be used as the 
timing reference for all proacessar memory cycles. The line should 
have a maximum of 1.0mA load in the low state and ©O.4mA load in the 
high state and a maximum capacitive loading of 40pF. 
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F33 CLK16* ; - 
This output signal provides a reference for the internal processor 
cleck phase. Its frequency will be 14mHz with a duty cycle of absut 
So%. This line will be high during CFU phase one and low during phase 
two. The line should have a maximum of 1.0mA load in the low state 
and 0.4mA load in the high state and a maximum capacitive loading of 
4SOpF. 


F34 M32 
This input signal (when low) indicates that the 32 bit memory board 
has decoded an address which it will handle. This line should be 
decoded ONLY off the address and LOWA2O lines as it will be used 
during both CPU cycles and other bus master cycles. This signal has 
a 2Okohm pullup resistor ta held it inactive when a SS bit board is 
not installed and should be driven by an output capable of sinking 4.0 
mA and sourcing 1.0 mA with a SOpF load. 


Fah BHLDA 
This sutput signal when inactive (low) indicates that the CFL has 
control of the bus. When active, same ather bus master has cuantral of 
the bus. This line should be used te determine the proatocal used by 
the memory board for a memory cycle. The signal should have a maximum 
of 1.0mA load in the low state and O.4mA lead in the high state anda 
maximum capacitive leading of 40pF. 


E21 ADS+ 
This output signal (when rising) indicates that valid status and 
address has been put on the bus by the CPU and the 32 bit memory board 
should begin (or complete) it’s cycle if it is selected (M32* set 
Tow). This line is always high when a DMA or bus master operation is 
mwccurring. The signal should have a maximum of 1.0mA Toad in the low 
state and O.4mA lead in the high state and a maximum capacitive 
loading of 4OpF. 


Fai M-10 
This output signal is one of the status lines which indicate the type 
of cycle that is in progress. Refer to the status cycle type table 
for the type of cycle indicated. The signal should have a maximum of 
1.0mA laad in the low state and 0.4mA load in the high state anda 
maximum capacitive loading of 40pF. 


E32 D-C 
This output signal is one of the status lines which indicate the type 
of cycle that is im progress. Refer to the status cycle type table 
for the type of cycle indicated. The signal should have a maximum of 


1.90mA load in the low state and 0.4mA load in the high state anda 
Maximum capacitive leading of 40OpF. 
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F32 W-R 
This output signal is one of the status lines which indicate the type 
of cycle that is in progress. Refer to the status cycle type table 
for the type of cycle indicated. The signal should have a maximum of 
1.O0mA load in the low state and 0.4mA load in the high state anda 
maximum capacitive loading of 40pF. 


E34 MRDY* 
This input signal is used to signal the end of a memory cycle when the 
32 bit board is accessed by the CPU. This signal has a 20kohm pullup 
resistor to hold it inactive when a 32 bit board is not installed and 
should be driven by an output capable of sinking 4.0 mA and sourcing 
1.0 mA with a SOpF load. 


"4 


Fe NAM+# 
This input signal is used to signal the CFU when the S22 bit board is 
finished with the address and status information and the CPU may put 
out it’s next address. This signal has a 2Okohm pullup resistor ta 
held it inactive when a 32 bit beard is mot installed and should be 
driven oy an output capatle of Sinking 4.0 mA and saurcing 1.90 mA with 
a SOprF Toad. 


Fa? READY +# 
This output signal indicates the end of a CFU cycle by either tne 
bit memory board or the system board. The signal shauld have «4 
maximum of 1.0mA load in the low state and 0.4mA toad in the high 
state and a maximum capacitive loading of 40pF. 


ord 
a 


E27 NA# 
This sutput signal indicates when the system board or the memory board 
is done with the address and status information and the CPU may put 
mut it*s next address. The signal should have a maximum of 1.0mA load 
in the low state and O.¢mA load in the high state and a maximum 
capacitive loading af “4 OpF. 


F1l,F37,F40 GND 


These lines are _onnected ta the system AC and DC greaund. The maximum 
current allowed on any single contact is 1.5 amps. 


Ei,E39,E40 +5 Vde 
These lines are connected ta the system power supply for 5 volts. In 
adsition to the maximum power available from the supply, the maximum 
current allowed on any single contact is 1.5 amps. 
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Cycle types as indicated by status: 


AM 


to 
= 
| a 


Iq. D-C W-R 
CPU Interrupt Acknowledge 
- Code never produced 
CPU I/O read 
CFU I/O write 
CPU Memory code read 
CPU halt or shutdown 
CFU Memory data read 
CPU Memory data write 
Code never produced 
Non CPU refresh read 
Non CPU memory write 
Nom CFU memory read (note 1) 
Code never produced 
Non CRU refresh cycle (Before or after) 
Non CFU nat produced (nate 1) 
Non CPL Ne cycle in progress 


Ser ITstLarrerererr 
Tee ITePerrrezszLerreer) 
£Etrregstrrze=zrrzzirer 
LParserErerrrazarsr 


€ 1? possible sccurance om transition to/from memory write. 
2 22 other status lines are mot guaranteed to be high until after 
the transition of BHLDA from low to high 


BUS TIMING INFORMATION 
Status inactive setup to BHLDA high 
D4-SMSC turnon pal min 4 


SETUP HHHHRHHHEE 4 


Status inactive hold to BHLDA low 


CLELG# cycle time 62 
B44 HOLDA delay min + 4 
D4-SMSC delay max — 15 
HOLD HHHEHHHHHH 5 


Refresh cycle time (M-IG low time) 


2 # BCLE cycle 250 
Tsi25 delay delta +/- 10 
D4-SCMD pal min +/- 5 
CYCLE time max HHHHHHHEE 235 
CYCLE time min HHHHHHHHH 265 


Refresh address setup to M-IO low 
BCLK cycle 125 
1s590 delay max = Zo 
1s244 delay max - {& 
lsi45 delay max - 15 


lsiZa delay min + 7 
D4-SCMD pal min + &§& 
SETUP HHHHHHHHH 7b 
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Refresh address hold from M-IO high 


15590 delay min + 
15245 delay min + S 
1s1Z25 delay max -— 20 
D4-SCMD pal max = 15 
HOLD HEH HH - 25 
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Data setup before M-IO low during BHLDA high write cycle 


MWTC# to M-IO in D4—-SCMD pal delay min + 5 


286 product data setup to MWTC# - 465 
data delay in 15245 - 13 
SETUP HHHHHHHHEH - él 


Required data access time from M-IG during BHLDA high 


256 product access time from MROC# ZOO 
D4-SCMD pal max = [oS 
= Max - 16 


data delay in 1ls24 
REGUIRED ACCESS TIME HHH HHH HHH 147 
Minimum cycle time (M-IQ Tow) during BHLDA high 

254 product MROC# low 250 


read cycles 


Minimum tetal cycle time (M-I0 low te M-IO lew) during BHLDA high 


236 product MRDC# low 375 


Maximum cycle time (M-ID low) during BHLDA high 


286 product MRDC# low 10000 
Required MRDY* setup toa CLK32 during CPU cycle 

3864 setup time min 29 

FOS delay max 7 

SETUF HHH HH HH a7 


Required MRDY# hold from CLESS during CFL cycle 
226 hold time min 


FOS delay min = 2 

HOLD HHHHHHHHEE 1 
Required NAM# setup ta CLKS2 during CPU cycle 

384 setup time min 10 

FOS delay max Zz 

SETUP HHH RHE 17 
Required NAM*® hold from CLK32 during CFU cycle 

3346 hold time min 20 

FOS delay min - 2 

HOLI HHHHHHBRH HE 15 


Other setup, hold, and delay times from the CFL sheauid 
be taken directly from the INTEL 20386 specifications. 
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The 32 bit bus is intended for use by a memory beard which is able to 
respond to CPU requests for data up to 32 bits at a time. This board 
is also expected to operate at very high cycle rates. Since the 
master CFU operates at 14mHz clock rate, and uses two clock cycles for 
a fastest possible memory cycle, the memory board would have to do 
full speed memory cycles in 125 nsec. Since the CPU allows pipelining 
of the address and status for the next cycle during the current cycle, 
the memory board should take advantage of this to gain an effective 
clock cycle to do address decoding etc. The remainder of this 
discussion assumes the use of CPU pipelining. 


The 32 bit memory board is required to indicate to the system board 
when an address from the 32 bit bus will be handled by the memory 
beard (assumeing that the cycle type is a memery cycle). This is 
accomplished by the M32# line. The system board combines this line 
with the status from the CFLI and determines if a legal Se bit memory 
cycle is being started. If it is, the system board will do nothing 
with the CPU, leaving all control] ta the memory board. If the status 
indicates some cycle other than memory (even if M3z# is active) or if 
Maze is inactive, the system board Togic will run the complete cycle 
te the CFU including the driving of the NA* and REALDY# signals. 


The system board uses the CFU pipelining ability tse get a start on 
operatians. Since the system board cannot know if the next cycle is 
for the 32 bit memory or system beard, it always starts the CPU 
pipelining with the NAB* signal. Therefore it is required that the 
memory board understand this and not finish a pipelined memory cycle 
before the system board is done with a system cycle. 


The expected way that the memory board determines that it can tuna 
cycle is to wait for the rising edge of ADS#*#. This will ensure the 
completion of any system board cycle and prevent collision of the 
cantrol Jagic om the two systems. Memory operatians mot requireing 
the driving of MRDY# of the presence of valid write data, can be dane 
before the rising edge af ADS#. Since NAM# will have ma direct effect 
on the CPU until after a previous cycle is complete, it may be driven 
whenever necessary. Note that since MS2* is to be a direct decade 
from address, it must be driven regardless of ADS#, 


If the 32 bit memory board is to operate with no wait states, it will 
be nmecessary to drive NAM# as soon as a valid memory cycle is detected 
(NAM* must be synchronized with the CPU clock). If wait states are 
inserted then NAM* can be driven later in the memory cycle. 


When the 32 bit memory board is finished with a cycle, it must assert 
MRDY# to tell the CFU that it is complete. During a read cycle, the 
data should be gated onta the bus during this time. 


During man processer cycles (BHLDA is high) the memory board must run 
the memory cycles at least as fast as the original 234 memory boards 
because there is mo way ta add wait states to external bus masters 
from the S2 bit board. The required access time and cycle time are 
listed in the timing tables. 
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When BHLDA is high, the protocal for accessing the memory changes. 

The M-IO line becomes a memory strobe, and the D-C and W-R lines 
became equivalent to a refresh control signal and a write enable 
Signal. Note that on the leading edge of BHLDA, that the other status 
lines may not be valid. Therefor it will be necessary to provide some 
sort of glitch protection during this transition. Also be aware that 
the data is not guaranteed to be valid until some time after the M-IO 
line (memory strobe) appears. This is probably not a problem for 
dynamic memory, because the RAS to CAS delay will exceed the data 
setup time, but may be a problem for other memory designs. 
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PAGE MODE B4 DYNAMIC RAM BOARD 


The dynamic memory subsystem for D4 is designed to get the most cut of 
the S0386 processor and still use relatively inexpensive dynamic 
memories. To do this, the memory subsystem provides the following 
features: 


32 bit wide memory data path. 


One megabyte of standard memory using 256k x 1 DRAM ICs and 
One megabyte of Upgrade memory and one of two option boards. 


Option RAM board design allows two megabytes of additional 
memary using 254k x 1 DRAM Its. 


2nd Option RAM beard design allows eight megabytes of 
additional memory using 1024k » 1 DRAM Its or 254k =» 4 DRAM 
ICs. : 


14 mHz operation of the processor/memory interface. 


Two wait states on the first CPU memory cycle following a hold 
or idle state. (INITIAL CYCLE). 


Zero wait states when sequential memory cycles fall within the 
same 2045 byte address page. (PAGE HIT CYCLE). 


Twa wait states when sequential memory cycles do NOT fall 
within the same 2048 byte address page. (PAGE MISS CYCLE). 


Seperate Parity checking on each byte of the 32 bit double 
word, 


Tliagniostic port allows the determination of the specific bytes 
within the double word on which a parity error occurred. 


ROM "replacement" ability; 128k bytes af the RAM may be used 
ta replace the system ROMs to increase the speed of the ROMs 
to RAM speed. 


The ROM "replacement" RAM area can be protected from being 
written by errant software. 
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This "Page Mode" usage of the dynamic RAM generally averages to about 
one wait state with typical software or an average cycle time of 187 
nsec. Note that "sequential" memory cycles means that the CPU begins 
requesting a new memory cycle before the current cycle is complete. 

If the CPU inserts an idle state between cycles because it is busy, 
the memory system will terminate the "PAGE HIT CYCLE" and revert to an 
"INITIAL CYCLE". 


The system responds to the system DMA and refresh as expected, but 
Since these are much slower than CPU cycles the memory subsystem runs 
standard multiplexed RAM cycles with no wait states on refresh or DMA. 


The memory system can execute 11 different types of memory cycles 
depending on the conditions of the CPL and DMA. A listing of cycles 
follows; 


1) Imitial read cycle from Idle or bus Hold. 
2) Initial read cycle from system board cycle. 
=) Initial write cycle from Idle or bus Hold. 
4) Initial write cycle fram system board cycle. 
5) Read Fage Hit cycle. 

4) Write Page Hit cycle. 

7) Read Page Miss cycle. 

&) Write Page Miss cycle. 

9) Refresh cycle. 

10) DMA read cycle. 

11) DMA write cycle. 


The logic for the state to state transitions and the generation of the 
master memery strobes is contained entirely within one PAL (Programmed 
Array Laugic) device (D4-RCTL). The legic for determining the hit/miss 
status of a cycle consists of twe latches ta remember the previous 
page address and two identity comparitors ta check that the current 
address matches. Since the CFL is operated im the "pipelined address” 
mode, the address changes before the memory cycle is finished. The 
column (address within the page) address and byte enables are 
therefore latched by two more latches. Address multiplexing is 
accomplished by three multiplexor ICs, and the multiplexed address is 
buffered by additisnal buffers (ane for each bank of 36 DRAMsS). Two 
additional PAL devices are used to decode the system address, one 
provides the signal (M32#) which tells everybody that the memory baard 
will control the bus, and the other decodes the address for the two 
banks of memory on the main memory board. 


Data buffering and parity checking is done by four parity trancievers. 
These devices seperate the memory data bus from the cpu data bus and 
generate the parity for the DRAMs during write cycles and check the 
parity during read cycles. The Tlmgic that controls the tuffers always 
generates or checks all four bytes even when only a single byte in 
memory is being accessed. For write operations, the resulting data is 
lgnared by the DRAMs which are mat selected. For read operations, a 
set of pullup resistors on the data bits assures a legal (EVEN) parity 
check. This also implies that an incomplete bank of DRAM which was 
enabled, would mat cause parity errors during saftware tests. 
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ADDRESS DECODING 


The memory subsystem responds to the following addresses (address 
range given in hexadecimal)? 


ADRESS RANGE size BANK address decoded; 

QO0000-O3FFFF 254K always. 

O40000-O7FFFF 256K when the 512k jumper is active (2-3). 
OSQ000-O9FFFF 128K when the 640k jumper is active (5-4). 
OQEOQOOO-OFFFFF 128K wher ROM replacement active (Note 3). 
100000-13FFFF 254K (Note 1). 
100000-13FFFF 256K (Note 2). 

140000-1FFFFF 768k when the 1M jumper is active (8-9). 


2OOO0O-2FFFFF 1024k bank 2oon 2M option board when present. 
SOOO00-S3FFFFF 1024k bank 3 on 2M option board when present. 
ZOOOOO-SFFFFF 4076k bank 2 oon SM option board when present. 
L00000-9FFFFF 4074k bank Soon SM eption board when present. 


F40000-F7FFFF 256k 
FSQQQOO-FYFFFF 128k 
FAQQOO-FDFFFF 236k 


when the Sizk jumper is inactive (1-2). 
when the 440k jumper is inactive (4-5). 
always. 


OQoowWNnNWDneH#QOODOSO 


FEQOOO-FFFFFF 125k 0 always (Nate 3). 
BOCOOO0R 1 byte diagnostic byte (read) address. 
SOCO0000 1 byte cemtrol byte (write) address. 


Note 1) Actually addresses OOOOQOO-OSFFFF when LOWAZO is inactive. 
Note 2) This is not addressed when LOWAZO is inactive. 

Note 3) When ROM replacement is active, writing to this address range 
can be disabled. 


The diagnostic byte (at SOCOOOOOh read only) has several functions. 
When reading the byte, the value returned is as follows: 


bit oO parity status of byte O (9 is error) 

bit 1 parity status of tyte 1 (0 is error) 

bit 2 parity status of byte 2 (0 is error) 

bit 3 parity status of byte 3 (0 is error) 

bit 4 Si2k jumper status (0 is active) 

bit 5S 640k jumper status (0 is active) 

bit & 1M jumper status (0 is active) 

bit 7 2 or 8&8 Mbyte option board (0 is installed) 
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The control byte (at 8OCO00O0Oh write only) is shown below. 


bit O ROM replacement (0 replaces) 

bit 1 ROM space write protect (0 protects) 
bit 2 reserved (write a 1) 

bit 3 reserved (write a 1) 

bit 4 reserved (write a i) 

bit 5 reserved (write a 1) 

bit 6 reserved (write a 1) 

bit 7 reserved (write a i) 


The control byte is also used to clear the diagnostic byte parity 
status. When writing this byte (with any value) the parity status 
bits will be reset tua ones. 


The 128 kbytes from OFEQOOOR ta OFFFFFFh is used to simulate a system 
ROM. In the original 286 products, this space was eccupied (double 
mapped) by the system ROMs. For the D4 machines, this space is 
eccupied by RAM oan this board. To provide compatibility with previous 
products, the system ROM should be copied ta this space. To allow 
faster execution of ROM resident saftware, this board provides the ROM 
"replacement" function. When replacement is enabled, the RAM buard 
decodes address range OOEOQDOOR to OOFFFFFhH and puts the 123k of RAM 
here, replacing the system ROM. After POWERUF, the ROM replacement 
function is disabled. 

Because noarmal system ROMs could not be written, a write protect 
function is being included in the RAM board for the two address spaces 
mentioned above. When replacement is not enabled, omly OFEOOOOh to 
OFFFFFFh is protected (the normal rom space still contains the 
unwritable ROM). When replacement is active, both spaces can be 
protected. After FIOWERUP, the write protect funtion is disabled. 


The diagnestic byte parity status should only te read with the system 
beard JOCHK disabled because reading the port may cause a parity 
error. AS a result of this, the status will only be accurate the 
first time it is read after a parity clear operation. Before doing a 
memory test, the contrel byte should be written to clear the parity 
status, and after reading the diagnostic byte, the status should be 
cleared again. 


In normal operation, if a parity error occurs, the PARIT# line from 
the memory card is set active which in turn sets the IOQCHK® line to 
the system active. The IOCHK# line (error) from the memory card is 
automatically cleared by the first write to memory covered by the 
beard (nermally the stack push fram the NMI). The parity status is 
still available until the diagnastic byte is read, 5 the byte (and 
board if it is the memary board) in error can be determined. 
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JUMPER SETTINGS 


E123 jumpers 
1=2 3 4=5 6 7=8 9 256K base O00000-O3FFFFh Z 
OK extended 
1 2=3 4=5 6 7=8 9 S1i2K base 000000-O07FFFFh 
OK extended 
1 2=3 4 5=6 7=8 9 640K base OQ00000-9FFFFFh 
OK extended 
1=2 3 455 6 7 8S=9 256K base 000000-O3FFFFh 
1024K extended 100000-1FFFFFh 
1 2=3 4=5 6 7 8=9 S1i2K base 000000-O07FFFFh 
1024K extended 100000-1FFFFFh 
1 2=3 4 5=& 7 8=9 é40K base Q00000-9FFFFFh 


1024K extended 1LOQOOO-1FFFFFh 
The Follawing jumper settings are te be avoided at all cast; 


9 destroy power supply 
o destroy power supply 


OPTION BOARD FRESENT BITS 


SM 2M 

H H OK 

H L 2048K 200000-3FFFFFh 

LH 6144K 400000-9FFFFFH (NOTE: The 8 Meg board asserts 
Ly. & B192K 200000-9FFFFFH both 8M and 2M strobes) 
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DETAIL CYCLE DESCRIPTION 


INITIAL READ CYCLES FROM IDLE. All CFU memory cycles start with 
the processor presenting an address, status, and address strobe 
(ADS*#). The memory system decides whether to respond to these in the 
D4-RM32 PAL. This device decodes the address and jumpers and asserts 
the MO2# line active. The system board uses this line to disable 
itself and the memory board control PAL (D4-RCTL) uses the line (in 
combination with the status and ADS#) to start a cycle. 

In the initial cycle case, the control state machine begins by 
switching the DRAM address multipexor to the ROW address via the 
signal SWMUX#. One CLK32 cycle later, the Master Row Address Strobe 
(MRAS*) is asserted. MRAS*® is combined with a decoded bank select 
signal (RSx#) to form the complete RASx# strobe for the memories. 

The bank select signal is decoded in a FAL (D4-RRAS) from a set of 
latched raw addresses. The row address latches are of the “fall 
through" type, they are opem ta address changes when MRAS# is inactive 
(high). The main purpose of the latches is ta provide a memory of the 
last raw address for development of the hit/miss signal but they alsa 
buffer the processor address for the bank decode PALS tu prevent 
averloading of the CFU. 

Once RASw# is active, the SWMUX# signal changes back to the column 
address (one CLES2 cycle later to satisfy row address hold times). At 
the same time, the NAM# signal (next address) is set active to tell 
the CPU that it may put the next address onto the bus (twa CLKS2 
cycles later). 

After one CLK32 cycle, the column address latch is closed ta 
prevent the column address from changing during the CAS# cycle. Also 
the MRD# signal is set active to enable the data buffer ta the CFU, 
After an additional clock cycle, the master Column Address Strobe 
(MCAS#) is set active, enabling DRAM cutput buffers. At the same 
time, the processor ready signal is set active (MRDY#) (and the NAM+# 
is sét inactive) signalling the presence of data and the end of the 
cycle ta the CFU. Also at the same time, the processor begins to put 
the mest address and status om the bus (if it is ready toa). 

Two clock cycles later, the memory cycle ends by bringing the 
MCAS#, MRO, and MROY# inactive, amd CLAT signal active. During the 
two cycles, the data from the DRAMS propagates through the data 
buffers and parity logic and is set up to the CPU. The parity status 
is checked at the end of this period by the rising edge of MRD#. 

The total time from CPU address strobe to the end of MRDY# is 
eight CLK32 cycles, or four processor states. Since the CPU can 


execute a memory access in two states, we have inserted two wait 
states. 
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“INITIAL READ FROM SYSTEM BOARD. The only difference from the 
initial read from idle is that the memory cycle must wait to begin 
until the system board is finished with it“s cycle. This is 
determined by ADS# guing high. The cycle starts as before with SWM# 
going active, but MRAS# does not go active until ADS# is sensed 
inactive. Since the system board can respond to wait states on the 
system bus, this period of time could be rather long. Once MRAS# goes 
active, the cycle completes as before. 


READ HIT CYCLE. The hit cycles begin during the previous memory 
cycle (of any CPU type). The M32* signal is active as before and the 
new row address must be the same as the last row address held in the 
row latches. The equality is determined by the signal HIT# being 
active. The ADS#, MS2#, status, and HIT# are sampled at the same edge 
of CLE32 that terminates the previous cycle. If all is well (READ 
HIT), the MRAS# signal will cantinue active. Since the MRAS# signal 
and the particular RASs# signal is still active, the DRAM has already 
decoded the row address and internally fetched it to the column 
selector. All that is mecessary is to wait till the calumn address 
has changed and settled and the CAS# precharge time has elapsed before 
another read can occur. 

Since the CFU must remain in pipelined state, the NAM# signal is 
set active again at the beginning of the READ HIT cycle. 

The column latch is closed again (CLAT goes inactive) one CLEB2 
cycle after the beginning of the cycle to prevent the column address 
from changing during the CAS# cycle. Also the MRD# signal is set 
active ta enable the data buffer to the CPU. After an additional 
clock cycle, the master Column Address Strabe (MCAS#) is set active, 
enabling DRAM output buffers. At the same time, the processor ready 
signal is set active (MRDY*#) (and the NAM# is set inactive) signalling 
the presence of data and the end of the cycle ta the CFU. Also at the 
same time, the processar begins to put the next address and status on 
the bus (if it if ready tea). 

Two clack cycles later, the memory cycle ends by bringing the 
MIAS#, MRO#H, and MRDOY* inactive, and CLAT signal active. During the 
two cycles, the data from the DRAMS propagates through the data 
butfers and parity logic and is set up to the CPU. The parity status 
is checked at the end of this period by the rising edge of MRD. 

The total time from the end of the previaus CPU memory cycle ta 
the end of MRDY# is four CLK3S2 cycles, or two processor states. Since 
the CPU can execute a memory access in two states, we have inserted 
zero wait states. ° 


a os PN 7 em se ee 
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READ MISS CYCLES. The miss cycles begin during the previous 
memory cycle (of any CPU type). The M32#% signal is active as before 
and the new row address are different than the last row address held 
in the row latches. The inequality is determined by the signal HIT 
being inactive. The ADS#, M32#, status, and HIT# are sampled at the 
same edge of CLK32 that terminates the previous cycle. If all is not 
well (READ MISS), the MRAS# signal will be set inactive. 

Once MRAS# is set inactive, the RAS# precharge time must be met.. 
To do this, the control state machine waits two CLK32 cycles and then 
begins by switching the DRAM address multipexor to the ROW address via 
the signal SWMUX#. One CLKS2 cycle later, the Master Row Address 
Strobe (MRAS#) is asserted. 

Once MRAS#® is active, the SWMUX# signal changes back to the column 
address (one CLES2 cycle later to satisfy row address hold times). At 
the same time, the NAM*# signal (mext address) is set active ts tell 
the CPU that it may put the mext address anto the bus (two CLES2 
cycles later). 

After ane CLESZ cycle, the calumm address latch is closed tua 
prevent the column address fram changing during the CAS# cycle. Alsa 
the MRD signal is set active te enable the data buffer tu the CPU, 
Atter an additional clock cycle, the master Column Address Strobe 
(MCAS#) is set active, enabling DRAM output buffers. At the same 
time, the processor ready signal is set active (MRDY#) (and the NAM 
is set inactive) signalling the presence of data and the end of the 
cycle to the CPU. Alsa at the same time, the processor begins ta put 
the mext address and status on the bus (if it is ready to). i 

Two clock cycles later, the memory cycle ends by bringing the 
MCAS#, MRD#, and MRDY* inactive, and CLAT signal active. During the 
two cycles, the data from the DRAMS propagates through the data 
buffers and parity legic and is set up to the CFUL The parity status 
is checked at the end of this period by the rising edge of MRD. 

The taetal time from the end of the previous CFU memory cycle to 
the end of MROY* is eight CLERBE cycles, or four processor states. 
Since the CFU can execute a memory access in two states, we have 
inserted two wait states. 


WRITE CYCLES. The four types of write cycles are very similar ta 
the read cycles discussed above. The difference is in two places. 
Instead of MRD#® being set active, the MWE* signal is set. The MCAS+# 
is enabled one clock cycle later to allow an adequate data setup time 
to the DRAM ICs and only lasts for one CLK32 cycle. 


DSPE-PROCESSOR DESCRIPTIONS January O03, 1987 
Copyright COMPAQ Computer Corcaretion 1986, 1987 page 63 

REFRESH. The three types of non CPU cycles are signaled by the 
MHLDA signal. When this signal goes active, the meaning of the status 
lines from the system board is changed. As a result, the memory board 
operates differently. 

The status line which controls the actual memory cycle is (M-IO). 
Since this line is completely asynchronous to the CLK32 clack, 
synchronization is necessary to prevent metastable states and glitches 
which would destroy the contents of the DRAM. The M-IO line is fed 
through a 74F74 flip flop which is clocked by CLK32 before being sent 
to the D4-RCTL PAL state machine as the signal DMIO. 

Refresh is determined by the state of the D-C line (refresh when 
jow). When the state machine senses D-C low and DMIO active, MRAS*# is 
set active. Because the address multiplexor was not switched to the 
row address, the column address lines are fed ta the DRAM. The reason 
for this is that the column lines are the low order address lines from 
the system board, and they cantain the refresh row address. 

One CLESS cycle later the SWM# signal is set active. This changes 
the DRAM address, but has no effect on the refresh cycle. The SWM* 
(and CLAT) signals are being used only as state lines ta count time in 
the state machine. 

One CLESS cycle later the CLAT signal is set inactive and one more 
clock later the SWM# is set imactive. After ane more clack, the MRAS# 
signal is set inactive giving a tatal time af four clocks for MRAZ 
active. The CLAT signal remains low until DMIO is inactive to prevent 
the MRAS# cycle from restarting. 


DMA READ CYCLE. The DMA read cycle begins when HLDA qvoes active 
and D-C remains high. The SWM* is set active to get the row address 
to the DRAM and the state machine then waits for the DMIO, M32#*, and 
WR lines te go active signaling a DMA cycle. When this occurs, the 
MRAS# goes active to strobe in the row addresses. Une clock later, 
SWM* ques inactive to set up the column addresses to the DRAM. After 
one more cleck, MEAS gnes active and the data begins to come out of 
the DRAM. 

On the next claock, the CLAT signal gees inactive and on the next 
clock MRAS* goes inactive. This leaves MRAS* active for four CLK22 
cycles. The CLAT signal will remain inactive (low) and the MCAS# will 
remain active until DMIO goes inactive. Holding MRD*# and MCAS#® active 
insures that the data will remain until the LMA device needs it. 


vat 
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DMA WRITE CYCLE. The DMA write cycle begins when HLDA goes active 
and D-C remains high. The SWM* is set active to get the row address 
ta the DRAM and the state machine then waits for the DMIOQ, M32, and 
W-R lines to go active signaling a DMA cycle. When this occurs, the - 
MRAS# goes active to strobe in the row addresses. One clock later, 
SWM# gces inactive to set up the column addresses to the DRAM. After 
one more clock, MCAS# goes active and the data is written to the DRAM. 

On the next clock, the CLAT signal goes inactive and on the next 
clock MRAS# goes inactive. This leaves MRAS# active for four CLK32 
cycles. On the following clock, the MCAS* signal goes inactive to 
terminate the write cycle. The CLAT signal will remain inactive (low) 
until after DMIO goes inactive to prevent the cycle from repeating. 


ALL DMA CYCLES. On all of the abaeve DMA cycles, SWM* will qo 
active whenever the HOLDA and D-C lines are high. To prevent 
interference with the CPU cycles at the end of the hold state, the 
NAM# line is used as a state memory af the hald state. NAM# goes 
active ome clack cycle after SWM* gues active (during HOLDA) and 
remains active until HOLDA gees inactive. The CPL portion of the 
state machine will do mathing wnusual until toath NAM® and SWM# go 
inactive. 


TIMING ANALYSIS FUR FAGE DRAM BOARD 


M3z2+ setup to CLK32 for cycle start. 


2» CLKS2 62.5 
CFU address delay - 40.0 
D4-RM32 PAL delay ~- 12.0 
D4-ReCTL PAL setup - 10.90 
MARGIN  #itattese teste at + O.5 


HIT# setup te CLESS for cycle start. 


2 i GLRSS 42.5 
PLU address delay - 40.0 
F321 delay - 11.0 
F32 delay = 65% 
D4-RCTL FAL setup - 10.0 
MARGIN #4 aes settee - 5.1 


NAM# output setup to CLK32 on system board. 


CLK32 31.2 
D4-RCTL PAL delay - 10.0 
F32 delay (sys board) - 6.4 
CPU setup (sys board) - 10.0 


MARGIN = Hata deatat teste A.& 
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Read data access from RAS# 
5 x CLK32 156.2 
MRAS# delay D4—-RCTL - 10.0 
F32 + 33 res -delay (Z00pF load) —- 12.0 
DRAM delay from RAS -100.0 
data delay through Fé57 - 8.0 
data setup to 3864 - 10.0 
MARGIN 2464364363464 + 16.2 
Read data access from CAS# 
2 x CLK32 62.5 
MCAS# delay D4—-RCTL - 10.0 
F32 + 32 res delay (200pF load) - 12.0 
DRAM delay from CAS - 25.90 
data delay through F457 - 8,90 
data setup to 354 - 10.0 
MARGIN HHEHHHHHHH - wie Sl 
Read data access from Column address 
4 « CLESE 125.0 
CLAT delay D4—-ReTeL - 10,0 
FSA72 delay’ - 13.0 
FiS& delay - 7.0 
BUF + SS res delay (S00pF laad) - 25.0 
DRAM delay from col add - 45.0 
data delay through FéS7 - $8.0 
data setup to 3864 - 10.0 
MARGIN wits eet se + 7.0 


Parity check access from CAS# 


2 oe CLES 42.5 
F32 + 33 res delay (200pF luad) - 12.06 
DRAM delay fram CAS - 25.0 
ere delay through F657 = 22,3 
FOO delay - &.s 
F175 setup - 3.0 
F322 delay MIN + 3.0 
MARGIN 3 i4atae start att = 4 


Row address setup to RAS# 


1 x CLK32 31.2 
Fi5SS delay - 9.5 
BUF + 33 res delay (300pF load) - 25.0 
F32 + 33 res delay (200pF load) + 5.0 
MARGIN  #istaesaeaeaeae 1.7 


Celumn address setup toa CAS 


2 ELESS basa Sh 
a7 delay - 15.0 
Fite delay = FiO 


BUF + 33 res delay (300pF laead) - 25.0 
Fa2 + Sb res delay (200pF lead) + S.0 
MARGIN Hee Heeataeat 22.5 
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Write data setup to CAS* 
3 x CLK32 9 
MCAS*® delay D4-RCTL + 
F32 + 33 res delay (ZO0pF load) 
CPU data delay - 5 
parity delay in F6&57 = | 
MARGIN #3646364 46-4 Hee 3 


+ 
CerOUS YW 
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DMA Read data delay (external bus master). 


236 product access from MRDC# 200 
MRDC# to M-IO delay - 15 
data delay in 18245 max - 18 
4 x CLK32 -125 
MDAS# delay D4—-RCTL - 10.0 
Fa2 + SS res delay (2O0OpF laad) - 12.0 
DRAM delay from CAS - 25.0 
data delay through Fé57 - 8.0 
MARGIN i Hitatate ett - 13.0 


DMA write data setup to CAS 


4 = CLES 125 

parity delay in Fé57 - 16.0 
System tuard data setup - 41.0 
MARGIN 9 ###HHHHHHH 3.0 


